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[ xtroObDUCTION

Seedlings of certain species of pine aften
hecome established along the margins of
forests (fig. 1} although they rarely be-
come  established  within  the farests.
Seedlings growing at the margin must
campete for water and nunerals with the
roots of trees comprising the stand but
they are exposed to light of much higher
intensity than if they were growing in
the interior of the stand. These circum-
stances provide an appartunity ta stucdy
the relative importance of light and water
with respect to the establishment of pine
seedlings.

Tt is well knawn that in the Piedmont
pine (Pirnus taeda 1., P. echinata Mill,
P. wirguiana Mill) usually fails to re-
produce under either pine ar hardwood
stands while many species of hardwaads
graw under both pines and hardwoods.
It was generally assumed at ane time
that failure of tree seedlings to survive
under a forest canapy was the result of
lack of light, and species failing ta survive
under such conditions were described as
shade intolerant. Results of certain
trenched-plot experttents performed dur-
ing the past 40 vears have heen inter-
preted, however, as mdicating that lack
of water is more impartant than shade in
the failure of seedhings to survive. It
lias been observed that if small areas
under farest stands are protected from
the root competition of the surrounding
vegetation by trenching, seedlings of in-
tolerant spectes sometimes hecome estah-
lished. The ouly demonstrable environ-
mental difference between such trenched
plats and adjacent untrenched control
plots is that the trenched plots usually
contain mare available soil mensture dur-
ing periads of drought. Tt has therefore
heett argued that lack of avatlable soil
maisture rather than lack of light is re-
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sponsible for the failure of intolerant
species, such as many species of pine, to
hecome established under a forest canopy.
It seetned prohable to the writers that
the supply of water is as low in the mar-
ginal zone where pine seedlings survive
as it is within the forest where they fail
to survive. If this were true it would
suggest that pine seedlings are able fo
hecome established in the margin of a for-
est because they are exposed to higher
light intensity than within the stand. In
ather words, possibly pine seedlings are
more drought resistant in the apen than
in the shade. Therefore, it was decided
to measure the moisture cantent of the soit
along a transect extending from within
the forest across the marginal fringe of
pines inta an adjacent open field to learn
whether significant differences exist.

MeTHODS

Three stands of shortleat pine (Pruues
cchinata Mill.) were selected which were
hordered by fields that had not heen cul-
tivated for several years. One field (sta-
tion 3) was in the hroom-sedge stage of
succession (Qosting, 42} but had been
planted with pine seedlings. The ather
two fields (stations 1 and 2} had heen
tving fallow much longer, but succession
an them was held in check by periodic
mawings.

The pine standls were mature, or over-
mature, ranging in age from 60 to 120
years. Asa result there was a well-devel-
oped understary of hardwaods with de-
cidugus shrubs and hardwood reproduc-
tion abundant in the lower strata. There
was no evidence of pine reproduction in
recent years within the stands. Along the
margins of the stands, however, were nu-
merclls young pies ranging in size fram
seedlings up to small trees 10-12 feet tall
{figs. 1, 2). These were distributed in a
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narrow strip, usually not more than 1-2
feet wide at a distance of 6-10 feet from
the hases of the dominant trees but well
within the outer extent of the crowns of
the marginal trees.  Although young
pties occur in margins of all expaosures,
narth and northwest margins were se-
tected for studv because they receive the
least light.

Paints were selected within these mar-
gins where vaung pines were Hourishing
and where there were na depressions or
drainage lines to affect soil moisture,
Through each of two such points at sta-
tion 1. oue at station 2, and twa at station
3. a hne was run from well inside the
stand out into the open field. Measur-
g fram the point where voung pines
grew, markers were put ou this line in
the field at 6, 12, 18, and 40 feet. Inside
the stand points were marked at 13 and
35 feet. Sowe slight irregularities in
these distances were necessary hecause of
clumps of trees inside the stand, or be-
cause of slight depressions or eraded spots

Mixed pine-havdwood stand showing line of vonog shoetlead pine ae vacsin.

m the fields. These lines of sampling
pollts were ternted transects.

Soil samples, obtained with an auger,
were taken in pairs at depths of 6 and 15
wiches at each of the sampling points on
all five transects, each complete set of
satples being obtained in a single day.
The samiples were dried at 110° C., and
their water content was expressed as a
percentage of the dry weight. The aver-
age of each pair of samples was taken as
the water content for each depth at the
time of samipling. Three such series of
samples were obtatned, ane each 1 July,
August, and Septemher of 1944, each
successive sampling representing what ap-
peared ta be drier conditions than the
[rreceding.

Finally, a substanoial mixed sample of
soil was obtamed from each <epth at
each sampling point.  The wilting per-
centage of cach sample was determined
in triplicate, using sunflowers as indica-
tors. The wilting percentages as used in
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the calculations arve averages. therefore, of
the teiplicate Jeterminations,

Recards of ather enviranmental varia-
lles were ahtained, beginning in April,
1945, when buds were just expanding,
and continuing to mid-June, when all
hardwoods were i full leaf. Instrument
shelters of the Weather Bureau type were
set up, one at the margin of a stand and
another 40 feet inside. A hvgrotherma-
graph and maximum-minimum thermaom-
eters were aperated in each shelter. Be-
side  each  shelter  maximum-mininum
thermometers were placed at the soil sur-
face and suspended in pipe at depths of
4 and 15 inches in the soil. Evaporation
rates were deternuned with Iivingston
atmameters in pairs at the wargin and
inside the stand. A\ black bulh armom-
cter was gperated with each of the pairs
of white anes.

Light intensity was measured in the
120-year stand hetween 12:00 .. and
00 pa (EST) in Augast when the
sky was clear and when full sunbght was
uot less than 10.000 foot candles. Read-
ings were made with Westan illumi-
nometers simuttanenusly in the open, at
the margin within the strip of reproduc-
thg pine, and in the wteriar of the forest.
The latter readings were wade at exactly
J-foot intervals along lines al right angles
to the margin and extending 81 feet into
the stands.  All readings were taken at
2 height of 3 fect from the ground with
the illuminomueter 11 a horizantal plane,
Adcitional light measuremcuts were ah-
tamed with a paic of sphevical thermeo-
couples (Wilsemr, 437, These were at-
tached ahaut 1§ inches apart to a partabte
stand, wired i series, and cannected tn a
microanuueter by a long cable.

RestLrs

The depths of sampling were set ar-
hitrarily at 6 and 15 inches hecause this
seemed] likely to tnclude the majority of
seedling roots and because most root
growth s concentrated in this  zone
{Caile, '37}. It was assumed that the
samples {rom a deptlt of 6 inches would
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be representative af the A heorizen and
those from a depth of 15 inches would
come from the upper part of the B hori-
zon.  This proved untrue. however, far
the A horizon was found to vary in depth
irgm less than an ch to aver 15 inches.
Stnce all the stands were on White Store
Sandy Loeam which has a sandy A haori-
zon and a clay B horizon the water-hatd-
ing capacities at the twao depths would
normatly have bheen verv different, as
would the witting percentages. The ir-
regular depth of the A horizon, hawever,
resulted in extremely variable soil text-
tures in samples from the same tevel.
The maisture cantent of a samiple, there-
fore. gave no indication of the amount of
water available for growth anless con-
sidered in relation ta Its permanent wilt-
ing percentage. and it hecame necessary
to determine the permanent wilting per-
centage of the soil at cach depth for every
point of sampling.  The availalle water
was then expressed as the difference he-
tween the ohserved moisture content and
the permanent wilting percentage.  The
results are sununarized in table T. and
the averages of all samplings are shawn
graphically n figure 2,

Examination of the data ltam the vari-
ous samplings reveals that the soil was
hecoming drier as the season progressed.
as indicated by the decreasing content of
maisture available for growth. In gen-
eral, at any given tite and statian there
was mare availahle water at 15 inches
than at 6 inches, a fact related to hotl the
lower water-holding capacity and the high
root concentration near the sarface, The
averages of all samplings. as shown at the
hattom of table T aud in figure 2, indicate
that the soil maisture content was lowest
at the margins and inecreased toward hath
the open fields and the interior of the
forests. This trend was most marked at
the 13-inch depth and hecame mare pro-
nounced as the sununer passed and the
soil hecame drier. A statistical analvsis’

1 For which we are indebted to Prafessor IF
X. Schumacher of the Duke Secluat of Tarestry.
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and 15 inches (B) at the puints indicated along five transects from apen to interior of forest.

X is in the marginal strip of young pine.

of the data showed that the amount of
avatlable water at a depth of 6 inches was
significantly greater in the fields at 6, 18,
and 4 feet from the margin than it was
at the margins, hut that it was not sig-
nificantly greater inside the marging than
at the margins. At a depth of 15 inches
the coantent aof availahle water was sig-
nificantly greater at 40 feet outside and 33
feet inside the margins than at the mar-
gins.

The data show, then, that an the aver-
age the surtace sail in the north and north-
western marging of these forests is at
least as dry, in terms of available water,
as in the interior of the stands and sig-
nificantly drier than in acdjacent apen
fields, while the soil at a depth of 15 inches
is drier at the wargins than either inside
ot outside of the stands.

The nstrumental recards, ohtained
aver a pertod of two and a half months,
showed no consistent marked differences

between the iuterior and margin of the
stand.  As the season advanced and hard-
wood leaves expanded there were pro-
gressive changes 11 humidity, fight, and
tetnperatures of air and soil which were
af interest in themselves, hut there were
no differences apparent in the data which
cauld he used to explain the survival of
pine at the margins of forest stands.
Light values as measured with Westou
illuminemeters held in the horizontal
plane were highly variable from place ta
place but conclusively and consistently
different for forest, margin, and open.
Light values abtained at the margin aver-
aged 169 per ceut of full sunlight and
values in the interior averaged 59 per
cent. This indicates that, when the forest
trees are i full leaf, seedlings at the
north or northwestern margin may re-
ceive 2.8 times as much light as thase tn
the forest. Actually the difference is
prohahly soimewhat greater since a tilting



January, 1946 waTER AND LIGHT [N RELATION TO PINE REDRODUCTION 31
Tanve [ Average values for available water at each sampling and l each sampling poink.
Distances from the margin {X) in feet are indicated by O for open and T for interior of forest.
Pesth 1 6a 0-14 Q-12 Q-6 X (13 1-35
Transect L
July oo 6 1.6 9.2 10.1 12.0 6.8 23 3.8
15 1.3 i1.2 5.2 6.4 0.2 12.2 10.7
Aug. & kR N4 9.6 7.3 3G 4.8 3.2
I3 7.0 3l 3.2 7.7 19 1.7 10.0
Sept fi it 1.0 +.0 (0 0.3 1.6 1.7
| | 5.4 3.6 +4 1.6 16 9
Transect 2
- : : -
July. . ..o : 6 1 9.3 .3 8.4 8.0 3.4 7.2 6.2
! 13 9.2 4.1 8.0 7.7 7.3 1.8 (8.1
Aug.. o LR N N 4.3 1.7 3.7 2.8 £.9
A T 6.3 5.6 5.4 8.0 8.9 16.1
Sept . & ;o 07 1.2 0.9 1.2 1.2 0.7 1.0
| 13 PoIe7 2.8 | 28 I 1.0 i 22 1.5
= . .I... ! —_——— —— ——— — — e e - e
Transeet 3
..... . . | . — e e
July s 13.7 6.3 26 L L1 51 9.4
‘ ;51 59 77 93 1.3 6.0 39 51
Aug. N G 6.8 ] ;o 2.2 1.2 Q.5 0 +.2
| 5 | 36 8.3 6.4 6.3 2.4 1.1 3.9
Sept..... ..., O n 02 ] 14 1.3 a ] O
A - T O 301 L2 8.7 0.4 4] 30
—_— - -._I l — -
Transeet 4
July. oo ! 6 42 . 7 i 60 6.3 +.4 0.4 14
P 0 P09 189 0.2 4.8 6.3 12.4
Yug.. | o 1 33 6l 1.1 1.7 340 21 1.2
| i3 11.2 A ! 1.3 7.0 4.1 6.3 12.9
Sept. . S S T O TS i S R 0 1.5 0.1
] 5 e | 100 N ) 1.4 BRI 10.4
—_————— — PR ! Pl —_ ' e — .i_ J— S -_—
Transeot 3
July. ... 6 1 66 6.3 39 1 63 oAt ae 18
13 133 [ 7.7 a.4 ‘ 0.9 19 0 34 6.7
Auge. .o ! 3, A7 13 | +.8 07 | a7 34
15 121 | a9 a4 |17 10 1 1.1 5.2
Sept........... .. 6 2.9 2.9 1.2 0.6 0 1.9 2.7
15 1 124 5.5 5.0 1.6 0.9 [ 1.3 24
Average of all 5} +.85 ‘ 4.20 1.08 +.41 LA 1 308 343
samplings. ... ... 15 7.22 | 6.93 6.28 6.81 LW ‘ 3.13 817
I - —_—

Standard ervor of difference bewween any 2 averages at 6 in. depth = 0.630.  Standard errar of
difference between any 2 averages ac 15 in. depth = 1.458.

of the strument toward the apen gave
much higher readings because of reflected
light. The records of the spherical
therntocouples undaubtedly cante nearer
to indicating total effective light because

light from all directions, reflected and di-
rect, is invaolved in the readings. A fast-
shifting light fleck is not apparent in the
readings and when one sphere is in a
strangly lighted spot the ather may not
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Leo Thus readings fram the  thermo-
couples are not as widely variable as thase
from & photoelectric cell. The thernu-
cauples, hecawse they measure light {rom
all directions, gave slightly lower values
than the ilhuninemeters (15.7 and 5.1 per
cent for margin and uterior, respectively)
hut indicated that the effective light at
the margin is three times that of the in-
terior.  This value seems mast acceptable
for it includes reflected lLight from the
open as well as the shading cffect af the
forest ane marginal shruhs,

DscusstoN

Having established that the available
soil moisture at the margins of these
stards is not significantly different from
that 1 the interior, or that it is possibly
even lower, it follows that the differential
survival of pine repraductian at the mar-
gins and in the stands is related to sane
factor other than water. This factor ap-
parently is light intensitv. Tt appears that
pine seedlings can survive periads of low
available soil maisture and even compete
successfully  with  hardwaads  provicdee
that they are nat ton heavily shaced.
Chaprian (43 reported that lablolly piue
seedlings growing wder the shicle of a
forest stand in Touisiana alwavs die
sooner or later. He stated that the im-
mediate cause of their <eath is fire ar
drought, hut seedlings growing in full
sun or partial shade were found ta he
nuich more resistant to Lot fire and
draught than thase growing in full shade.
Tn wiew of these abservations it seems
reasonable ta regard light as a limiting
factor in the estahlishiment of e secd-
ings under dense [(arest stands.  Full
sanlight 1s not necessary for survival he-
cause, as previously stated. the margins
stuclied hacd northerly exposures and were
shaded to same extent mest of the dav.
Furthermore. Karstian and Coile (38)
found that leblalty and shortleaf pine
seedlings survived for several vears in
the shade au their trenched plats.

Tt ts prohabte that shading produces its
effects hy reducing the size and rate of
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grawth of root systems. Coite (40} re-
ported that lablolly pine seedlings grown
in apen fields have much deeper and hetter
hranched root systems than those grosn
tn forests.  Shirley (48) reported that
grawth of northern pines increases with
light intensity up to 100 per cent of full
sunlight and that root developrient is in
praportion te top development in all light
mtensities. Tt is likely that tle lesscr
growth and smaller root svstems of pine
seedlings in the shacde are the result of
madequate photosynthesis, for  lohlally
pine has been shown to attain maxinuon
photosynthesis  only  in  full  suulight
{Kramer and Decker, '44).

The recent trend toward emphasizing
soil moisture rather than light as the mast
significant factor in tolerance ariginated
with Fricke ('04), wha drew his conclu-
sions from trenched plats in Scotch pine
stands in Germany.  Several other Euro-
pean investigators expanded his olserva-
tions hut came to conflicting canclusians.
In America the trenched-plat experi-
ments of Toumey and Kienholz ('31)
showed that shade witolerant species, such
as white pine, hecame established and
grew well, at least {or several vears, under
a forest canopy if protected from oot
comipetition by trenching.  Recently Ttz
{45} rechecked one of Toaumey's plats
after 13 wvears without treatment. Tou-
mey (Le.) hael reported that 8 vears after
trenching, the rate of height growth of
white pine was declining,  He explained
the decline un the Tasis of increased root
campetition. wmong the pines within the
plots. In 1943 Lutz found that all of these
pines were dead and that hewlock had in-
creased i mumbers and size, Tlutz stated
“If the moisture supply was too low for
pine it is difficult to believe that it was
suffictent far hemlock,  Yet the pine died
and the hemlock flaurished.” He con-
chuded “that radiation intensity was too
low far the relatively shace-intalerant
white pine hut was favarable for the
shade-tolerant hemlock.™

Karstian and Coile’s trenched plots in
the Duke Forest are already heginning ta
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show similar effects although they have
not been untouched equally long. Many
of the pines which survived in the ptats
during the early treatment and observa-
tion are naw deac. Thase remaining are
spindly, unthrifty, and obwviausly on the
dectine. Hardwaoads, em the other hand.
are increasiug in the plots as 1s norual
i pine forests here.  Obrelously there is
sufficient water available for growtl of
hardwoads.  Since the pines cat survive
under equal or inferior moisture coudi-
tigns provided that the light intensity is
high enough. it follows that in the shade
they are unshle to obtain sufficient water
for  successiuf growth.  Survival and
grawth of pines require a hght inteusity
which is higl enaugh for then to produce
enaugh foad ta develop root systents capa-
ble of ahsorhing the necessary water.

SUMMARY

Seedlings of several species of pine
often hecame established along the mar-
gins af forests in the Piedmont although
they rarely hecome established within a
statid.

Sampling of the sal along transects
from apen fields acrass these margins into
the interior of stands of shortleaf pine
showed that available water at the mar-
gins is as low as withiu the stauds. Meas-
urements af various atospheric factors
indicate na environmental differences be-
tween margin and interior of the forest
wliich are likely to be significant with re-
spect to establistunent of pine except in
value of light intensity, which is much
higher at the margin.

More successiul establishient of short-
leaf pine at the margin of a forest than in
the interiar cannot he ascribed to maore
favorable moisture conditions but it prob-
ahly is related to the higher light inten-
sity. It is known that certain other
equally intolerant pines require full sun-
light for maximum photosynthesis and
that thev develap mare extensive raot sys-
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tems in the open than under forest stands,
Thus, the pines at the margin, which are
probably able ta manufacture maore food
and therefare to develop maore extensive
roat systems, can survive drought better
than those in the farest. This leads ta
the canclusion that hght 1s prohably more
sigiificantly  controlling  than soil mois-
ture in the complex of factors hmiting
the establishment af shortleal piue seed-
lings under forest stands. This conelu-
sion probably alse applies ta lablally pine.
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