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ABSTRACT KEYWORDS
To improve our understanding of the role of a canopy opening on the Closed canopy;
variability of light and soil physics indicators in a natural forest, a case Light;
study was undertaken in and around a gap in a natural beech - dominated Bulk density;
(Fagusorientalis Lipsky) forest. Thisresearch carried out in twenty hectare Soil texture;
areas of Experimental Forest Station of Tarbiat Modares University that is Moisture.

located in atemperate forest of Mazandaran province in the north of Iran.
After field trip, twenty one canopy gaps with different areas were found in
studied areas and classified as small (85.12 m?), medium (325.21 m?), large
(512.11 m?) and very large (723.85 m?) gaps. Measurements of the light
transmittance were coll ected with aceptometer (L1 250 USA), at 1.00 mabove
the ground, with theinstrument held horizontally. Soil samplesweretaken at
0- 15, 15 - 30 and 30 - 45cm depths from gap center, gap edge and closed
canopy using core soil sampler with 81cm? cross section. Bulk density, soil
texture and moisture measured in thelaboratory. With considering to analysis
of variance, light transmittance amounts had ascending trend with increasing
of canopy gaps areas. Also, this character showed significantly increasing
from gap edgeto center position. Bulk density had no significantly difference
among canopy cover areas. But, the most amounts of this character devoted
in 30 - 45cm depth, gap center and edge positions. The higher amounts of
sand found in very large areas of canopy gaps, gap center and edge positions
and also soil upper layers. Significant statistical difference weren’t showed
for silt character in different areas of canopy gaps, but the most were found
in closed canopy and beneath depths. Medium areas of canopy gaps, closed
canopy and 30 - 45cm soil depth had the higher amounts of clay. Greater
values of soil moisture devoted in small areas of canopy cover and closed
canopy, but significant differencesweren’t found in soil depths. These results
further our understanding of the abiotic and consequent biotic responses to
gaps in broadleaved deciduous forests created by natural treefalls, and
provide auseful basisfor evaluating the implications of forest management
practices. © 2013 Trade Sciencelnc. - INDIA
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INTRODUCTION

Gap formation by windisacharacteristic distur-
bance event in temperate deciduousforests. Gap size
variesgreatly from thesize of only asingle crownto
vast open fieldswith diameters of many treelengths.
Thefdl of canopy treesresultsinincreased tota inci-
dentlight levelsat theground and in somecasesasoin
increased nutrient and moistureavailability. Gap micro-
climates may enhance seed germination and increase
growth rates of herbs and woody speciesin compari-
sonwithratesintheforest understory. However, changes
in abiotic and biotic conditions depend both on gap
sizeand within - gap position31622, |ntemperatefor-
ests, smdl - scaedisturbancesresultinginsingleor mul-
tipletreefd| gapsplay animportant roleindriving stand
dynamics. Since the 1980s, these canopy gaps have
thereforebeenamgor focusof forest ecologists, whose
amwasto understand thefunctioning of forest ecosys-
temsand to provideinformation useful for forest man-
agement®®, Oneof theimportant characteristicsof gaps
that affectsthe establishment and growth of tree seed-
lingsisenvironmenta heterogeneity, such asvariability
inlight regimes, within and around gaps. Microclimate
also playsanimportant roleinthe ecologica processes
within foreststhat affect nutrient dynamicsand decom-
positi on1023:36],

Intotal, successful enrichment plantingisbased on
knowledge of environmental conditionswithin gapsof
different 9 zesand species- specificecological require-
mentsfor seedling establishmentm®. Onemgjor limit-
ing factor essentia for both seedling growth and estab-
lishment intemperateforestsunderstandsdifferent spe-
cies’ response to light availability and soil charac-
terd?2, Increaseinavailablelight at theforest flooris
typicaly formed by disturbancesin the canopy, mostly
by gap formationresultingfromtreefdl. Whilst light is
considered to beamajor limiting factor in the under-
story and small gaps, conditionsin larger gapsmay not
beoptimd for growth asexcessvelight stress, hightem-
perature or drought may reduce growth*?, Different
frequency of formation and dimens onsof canopy gaps
formamoasaicof highly variablelight and water condi-
tionsat theforest floor, resulting in abroad range of
ecological nichesfor seedling establishment. Conse-
quently, temperate speciesthat differ strongly intheir
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ecol ogical requirementsdisplay different abundances
and survival ratesin thoseniches?!,

Gaps promote recruitment and growth of under-
story vegetation that may eventudly become dominant
treesby atering theavailability of resources, including
light, soil moisture, and nutrients. Theavailability of these
resources, and consequently speciessurviva and veg-
etative growth, isafunction of gap characteristics, in-
cluding area, orientation, and shape’?. Dueto thetradi-
tionally different scientific approach that wasfocused
more on identifying and mapping of forest structures
and developmental phases*Y, thereisalack of more
detailed knowledge about the disturbanceregimesin
thenatura forestsof Iran. Thetemperateforestswere
considered to underliemorethesmal - scalegap pro-
cesses, but therecent findingsemphasizeacertainim-
portanceontheinfrequent intermediate and large-scde
disturbancesaswd |33, Theresearch deding withthe
gap dynamics has been conducted mainly during the
last decade, especidly intheold - growth forest rem-
nantsinnorthern Iran®, Thestudieswere concentrated
ontheinvestigation of basic featuresof disturbancere-
gime, i.e. gap Sizedigtributions, gap formation and turn-
over time, characteristics of dead canopy trees that
formed agap (so-called gagpmakers) etc.

Althoughitisrecognized that gapsmodify soil re-
sources, few studies have focused on bel ow - ground
processes. Soil processes are controlled by a set of
relatively independent state factors (climate, organ-
isms, relief, parent material and time) and by agroup
of interactive controls (e.g., disturbanceregimeand
human activities). Forest gapsare examplesof natura
interactive controlswith direct impacts on state fac-
tors(e.g., climate and organisms). Forest gapsrepre-
sent dramatic top - down trophi cinteractions between
vegetation and the soil microbial - mediated pro-
cesses?l, Relatively few studies have addressed
bel owground effects of canopy gaps on soil proper-
ties. InIran, thereis till not enough knowledge about
the effects of canopy gaps on soil charactersand mi-
croclimate. Therefore, the research on the natural
disturbance processesinthelranforest ecosystems
iIs needed. The objectives of this study were to
examinetheeffectsof small, medium, largeand very
large gapson variability of light and soil physicsindi-
catorsin beech - hornbeam standsin northern Iran.
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Specificaly, thefollowing hypothesesweretested: is
gap sizeanimportant factor in controlling light condi-
tion and also soil physicsindicators? The study in-
cluded investigation of light condition and soil physics
charactersabout 4 years after gaps formation.

MATERIALSAND METHODS

Description of thestudy site

Thisresearchwasconducted in Experimentd For-
est Station of Tarbiat Modares University located ina
temperateforest of Mazandaran provincein thenorth
of Iran, between 36° 31'56" N and 36° 32 6 11" N
latitudes and 51° 47' 49" E and 51° 47' 56" E longi-
tudes. Themaximum elevationis1700m and themini-
mum is 100m. Minimum temperaturein December
(6.6°C) and the highest temperature in June (25°C)
arerecorded, respectively. Mean annud precipitation
of the study areawerefrom 280.4 to 37.4 mm at the
Noushahr city metrological station, whichis 10Km
far fromthe study area. For performing thisresearch,
twenty hectare areas of reserve parcel (relatively un-
disturbed) considered that was covered by Fagus
orientalis and Car pinus betulus dominant stands.
Thislimitation had an inclination 60 - 70 percent with
northeast exposure at 546 - 648 ma.s.|. Bedrock is
l[imestone - dolomitewith silty - clay - loam soil tex-
ture. Presence of logged and bare roots of treesis
indicating rooting restrictionsand soil heavy texture.
The current study is based on several windthrow
eventsintheexperimenta forest stationinduring 2005
to 2006.

Selection of gaps

Twenty hectare areas of Experimenta Forest Sta-
tion of Tarbiat Modares University were considered
for thisresearch. Geoghraphical position dl of canopy
gapswererecorded by Geoghraphical Position Sys-
tem (GPS). Gapsrequired aminimum canopy opening
of 30 m? and trees growing in the gap to belessthan
two thirdsthe height of the closed adjacent forest!*.
Canopy gapsareasweremeasured inthefield accord-
ing to®¥ sampling protocol by locating and measuring
two peripendicular linesin each gap: onedong thelong-
estlinevigbleand oneperipendicular toit at thewidest
section of the gap.
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M easur ement of light transmittance

Measurements of thelight transmittance were col-
lected with a ceptometer (L1 250 USA), at 1.00 m
abovetheground, with theinstrument held horizontdly.
Four instantaneous readings were done at each sam-
pling point, with referenceto the cardinal directions.
Thesemeasurementswerecarried out, during growing
Season, in bright sunny days, at 12.00 (loca solar time).
Measurementsweretaken: inthefull open,inalarge
clearing near the experimental areainsdethe adjacent
standsin correspondence of each subplot™. After mea
surement for each sampling point the PAR transmit-
tancewas cd culated using thefollowing formula
% Light transmittance=(Light subplot / Light full open) x
100

Soil samplingand analysis

For thispurpose, three positionsweredistinguished
including gap center, gap edge and cl osed canopy. Soil
samplesweretaken at 0 - 15, 15 - 30 and 30 - 45cm
depthsfromall positions using coresoil sampler with
8lcm? cross sectiont™!, Largelive plant materid (root
and shoots) and pebblesin each sample were sepa-
rated by hand and discarded. Theair - dried soil samples
weresieved (aggregateswere crushed to passthrough
a2mmsieve) to removerootsprior to analysis. Bulk
density at air dried moisture content was measured by>4
method (clod method). Soil texturewasdetermined by
the Bouyoucoshydrometer method®. Soil moisturewas
measured by drying soil samples at 105° C for 24
hourg4,

Data analysis

Normality of the variables was checked by
Kolmogrov - Smirnov test and Levenetest was used
toexaminetheequality of thevariances. Light transmit-
tance values were examined by two - way analysis
(ANOVA) usingtheGenerd Linear Modd (GLM) pro-
cedure, with different areas (small, medium, largeand
very large) and positions (gap center, gep edge and
closed canopy) asindependent factor. Differencesbe-
tween gap different areas, gap positionsand soil depths
insoil charactersweretested with three- way analysis
(ANOVA) usingthe GLM procedure, with areas, po-
sitionsand depth (0- 15, 15- 30and 30 - 45cm) as
independent factor. Interactions between i ndependent
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factorsweretested a so. Duncan test was used to sepa-
ratetheaveragesof the dependent variableswhichwere
sgnificantly affected by treetment. Significant differences
among treetment averagesfor different parameterswere
tested at Pd” 0.05. SPSS v. 11.5 software was used
for dl thegtatigtical anayss.

RESULTS

Canopy gap and light transmittance

Twenty one canopy gaps with different areas
were detected in study site. Gapsclassified in four
classes: four gapsin 40.11 - 130.30 m? area class
(small gap with mean of 85.12 m? areq), five gaps
in 260.12 - 390.30 m? area class (medium class
with mean of 325.21 m? area), eight gapsin 435.22
- 589.00 m? areaclass (large class with mean of
512.11 m? area) and four gapsin 626.12 - 821.58
m? areaclass (very large classwith mean of 723.85
m? area). Result isindicating the most present gaps
in study site have 300 - 500 m? area. With con-
sidering to analysisof variance, light transmittance
amounts had ascending trend with increasing of
canopy gaps areas. Also, this character showed
significantly increasing from gap edge to center
position (TABLE 1 and Figurel).

TABLE 1: ANOVA for light transmittance in relation to
canopy gap areaand position

Sum of Degreeof Mean of

square freedom sguare F-value

Variable source

Canopygaparea  2378.25 3 792.75 129.58**
Canopy gap position 7304.07 2 3652.03 596.96**
Interaction 1565.93 6 260.99 42.66**

** Different is significant at the 0.01 levd.
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Soil characters

No sgnificant differences (P > 0.05) wereobserved
inbulk deni sty between the canopy gap areas. Wheress,
thischaracter was significantly (P < 0.01) greater in
canopy gap center, edge and 30—45c¢m depth (TABLE
2). Also, no significant differences (P > 0.05) were
observedin soil texture between the canopy gap areas
(TABLE 2). Sand wassignificantly higher in center and
edge of canopy gaps (P < 0.05) and soil upper layers
(P<0.01) (TABLE 2). The greatest value of silt re-
sulted in closed canopy position and beneath layers of
soil. Significantly statistical differences (P <0.01) were
considered for this character (TABLE 2). Closed
canopy position and 30 - 45cm depth had the greatest
value (P < 0.01) of clay in comparison to the other
position and depths (TABLE 2). As can be seenin
TABLE 2, thesoil moisturewassignificantly (P <0.01)
greater in small canopy gap and closed canopy posi-
tionthaninthe other treatments. Whereas, no signifi-
cant differences (P > 0.05) wereobserved for thischar-
acter indifferent depths(TABLE 2).

DISCUSSION

Thesizeand shape of created canopy gapsarere-
lated to the shape and Size of falled trees. Treescrown
havnt regular geometry form by reason of competition,
natural events, social condition, etc. So, thetreefall is
effective on shape and size of created gaps. Sagheb
Talebi and Schutz®* pointed to lack of regular geom-
etry shapein natural canopy gaps. In current research,
thesmallest gapsweresimilar totriangleformthatis
indicating delete of treeswith low diameters, or small
and irregular crown. It isexpected that large canopy
gapsincludesgeometry shapesnear tocircleor élipti-
cal influenced by tree delete with expanded and sym-
metrical crown. Previousstudiesintemperateforests
foundthat onthewholegap scdelight quantity increases
with opening Size, whereasthe pattern of soil moisture
islessstraightforward: it does not alwaysincreasein
gaps, but it isgenerally more spatially variable than
light™. Our results supported thesefindings, e.g. over-
al light levelswereincreased considerably in gaps.
However, whilst relaivelight intensity valuesin small
gapscould not reach thoseinlargegaps. Ingenerd, the
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TABLE 2: Mean of soil charactersin relation to canopy gap area, position and soil depth

Variable/ soil char acter B“E'g‘/g;”s)s'ty Sand (%) St (%)  Clay (%) M‘Z{Z;‘re
Small 1.10(0.00) 33.83(0.30) 36.40(0.15) 29.76(0.15) 37.93(0.71)a
Medium 1.10(0.00) 34.33(0.74) 29.95(0.15) 29.95(0.15) 33.52(1.07)b
Canopy gap area Large 1.10(0.00) 33.51(0.22) 29.63(0.10) 29.63(0.10) 28.25(1.21)c
Very large 1.10(0.00) 35.55(1.27) 29.71(0.16) 29.71(0.16) 28.35(1.78)c
F - value 0.21ns 2.08ns 0.40ns 2.37ns 384.65**
Center 1.11 (0.00)a 34.77 (0.20)a 35.90 (0.08)b 29.31 (0.13)c 24.16 (0.73)c
- Edge 1.11 (0.00)a 34.90 (0.71)a 36.22 (0.10)b 29.79 (0.11)b 27.16 (0.76)b
Canopy gap position
Closed canopy 1.08 (0.00)b 32.80 (0.57)b 37.03 (0.20)a 30.13 (0.08)a 42.79 (0.37)a
F - Vaue 101.23** 4.72%* 17.75%* 32.12** 2174.51**
0-15 1.09(0.00) 35.52(0.53)a 35.75(0.10)b 29.31(0.14)c 31.16 (1.34)
Soil depth (cm) 15-30 1.10(0.00) 34.28(0.72)a 36.67 (0.15)a 29.75(0.08)b 31.46 (1.17)
30-45 1.10(0.00) 32.67 (0.20)b 36.74 (0.15)a 30.18 (0.09)a 31.48 (1.10)
F - value 48.95** 7.57*%* 14.76** 27.06** 0.77ns
Area xposition 0.14ns 0.32ns 0.21ns 3.55** 92.92**
. Areaxsoil depth 0.52ns 0.82ns 0.00ns 0.20ns 0.24ns
Interactions F - value » )
Positionxsoil depth 2.75* 2.69** 1.57ns 29.96** 15.21**
Areaxpositionxsoil depth 0.26ns 1.29ns 0.01ns 0.26ns 0.12ns

** Different is significant at the 0.01 level. *Different is significant at the 0.05 level. (ns): Non significant differences (P > 0.05).
Values are the means +St. error of the mean (in parenthesis). Within the same column the means followed by different letters

are statistically different (P < 0.05).

light transmittancevalueisrelated to canopy opening
intensity!™ that isobservedinthisresearchaso. A lot
of evidences show that thewithin - gap positionisn’t
homogenous and changes are seenin different partsof
i@, The solar regimeof understory isaffected by alot
of factord?622, Our study result showed thet light trans-
mittance amounts had ascending trend withincreasing
of canopy gaps areas and from gap edgeto center that
wasaccording to Kwit and Plait?? and Gahidy, et d .13
findings

A greater amount of bulk density wasfoundinwithin
gap compared with closed canopy that can berelated
to sand content. Kooch™ found that bulk density has
anegativecorreation with content of clay and positive
correlation with sand, thusthe bulk density tended to
belessin clay soilscompared with sandy soils. Soils
are more compressed in deeper layersthat are dueto
increasing of bulk densities™®. By thisinterpretion, bulk
density has a descending trend from upper soils to
deeper that isvisiblein our resulsa so. Moreover, in
superficid layersof soil, bulk density amountsislessby
reason of plant roots presence and more activity of or-
ganismg*¥. The components of soil textureareinflu-

enced by canopy gaps crestion. With opening of canopy
gapsrainfall will effect on these componentsasdirect.
Claysandsltswith consderingsmdler szetransferring
to beneath layers whereas sands are stable in upper
soil. Thisstatuscan beregarded in thisresearch al so.
Furthemore, Chen, et a.® reported that gap creation
inforest ecosystemsisdueto decreasing of soil mois-
tureandincreasing temperature of superficia layers. In
current study, opening of canopy cover wasdueto re-
duceof soil moistureassimilar. Any way, thevariability
of soil moistureisdifferent inforest ecosystemdg*,
Beech (asdominant speciesin study area) twigs
and leavesare need to longer timesfor decomposition
than to hornbeam species. Thischaracter with old age
of forest sandsareduetoincreasing of littersvolumein
understory™*”. Thick humuslayers creats appropriate
positionsfor moisture presarvationinforest lands. Spong
character under closed canopy will increasewater and
moisture preservation capacitiesin comparison with
positionswithout closed canopy. Disturbance and gap
creation aredueto decomposition of theselayersand
transmission to beneath horizons. Humour reduction
within gaps can be related to solar radiation and
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incraesing of microclimatetemperature®. Gapshave
more plant diversity than to closed canopy®?. Settle-
ment of diverse plant speciesand using soil different
horizons aredueto increasing of root respiration and
following temperatureincreasing that can be effective
on humour reduction. Constantly low soil moisturelev-
e sinthegapsand significant differences between gaps
and closed forest found in thisstudy wereincons stent
with several other gap studiescarried out in temperate
hardwoods?, beech - mapleforests'”, longleaf pine
(Pinuspalustris) forestd™, temperate coniferousfor-
est (Western hemlock (Tsuga heterophylla (Raf.)
Sarg.) dominated)“3, or temperate deciduous forests
(Fagus sylvatica)®®. Gap diameters in these studies
ranged from about 20 - 50m. Increased soil moisture
content in gapsisoften atributed to lower interception
and higher precipitation. Thisistypicaly foundinlarge
gaps, e.g. inthe study of Bauhus and Bartsch® with
gaps of about 30m diameter in atemperate beech for-
est. Inthesmdler gaps, theamount of preci pitation was
similar inthegap and under closed canopy!=.

Soil moisturein gaps may also beinfluenceby liv-
ing rootg®. Fine-root density has been found to be
lower in gaps”, even though differences might be
smalld, Lower root densitiesin below - ground gaps
must reducewater uptake and transpiration viaroots.
Deve opment of ground vegetation and regeneration will
counteract thiseffect again. In Ritter and Vestrdal*"
research, thedeclinein soil moisture content inthegap
along with growth of advanced regeneration supports
thisassumption. Further investigation of theroot sys-
temsin thisforest would be necessary to provethis
hypothesis. If rootsof the surrounding treesreachinto
agap, water use by rootsisalso obviousalong edges,
but less pronounced than under closed canopy®. In
present study, the most canopy gaps are surrounded
by beech trees. With considering to superficia rooting
system of beech, thus we are suspect to use of beech
living rootsfrom gap within moisture. Similar finding
was d so reported by Muth and Bazzaz®® inastudy of
mixed hardwood forest. Galhidy, et d.*¥ claimed that
even centresof small gaps(radius<10m) arebeyond
thereach of theroot system of surroundingtrees. Thus,
lessamountsof soil moisturewereconsidered inwithin
gap position. In generd, Soil moistureand temperature
patternsared so affected by locd variationsinsoil depth
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and soniness.
CONCLUSION

Thesdentific sudy for determining theinfluence of
gapsonvariahility of light condition and soil characters
having i ncreased the knowledge of thefuture composi-
tion of theforest stand can bewiddy used inregulating
thedIvicultureand forestry operations. Theinfluenceof
gapsonthe stand surface processisnotinalinear rda
tionshiptothegap size. Asaresult, it seemsthat using
small gapswill be cons dered asabetter managing tool
incontrolling thevaueof understory light and thefol -
lowing interaction between regeneration and the vari-
ety of vegetation varieties. Play findingsshow that using
various but small and medium gapswill provide better
condition for theforest stands. Furthemore, theunder-
standing of natural disturbance and stand devel opment
processesisnecessary for their incorporating into the
practiceof any typeof close-to-naturesilviculture.
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