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Abstract: This study was conducted to estimate volume growth rates for mgor Quercus species distributed in
Korea, and based on the data collected from the 5th National Forest Inventory. Volume growth rates were
estimated by each age class for each species, and their similarity or distinction was statistically analyzed. It was
also intended to compare the resulted volume growth rates with the existing growth rates, and to develope a
volume growth rate estimation model for the Quercus species. Six major Quercus species were considered in
this study; Quercus acutissima, Quercus aliena, Quercus serrata, Quercus variabilis, Quercus dentata, and
Quercus mongolica. Based on the data collected from the 5th National Forest Inventory, the diameter growth
rates and the height growth rates were estimated for each species, and then the volume growth rates were
estimated with the given diameter and height growth rates. To examine the distinction between species or age
classes, statistical analyses such as ANOVA and Duncan's multiple range test were applied. The results indicated
that the volume growth rate was 10% in the age class I, 6% in the age class Ill, and lower in the subsequent
classes. In addition, the volume growth rates of Quercus acutissima, Quercus aliena, and Quercus serrata were
relatively high compared to those of Quercus variabilis, Quercus dentata, and Quercus mongolica. According
to their growth rates, the six Quercus species were classified into two groups; high-growth-rate group and low-
growth-rate group. Statistical analysis conducted to examine the difference between and within the groups
showed that there is no significant difference within groups, while significant between groups. Based on the
results, volume growth rate estimation model were finaly developed for each group. The classification of the
Quercus species suggested in this study was not the same with that of existing volume growth estimation. Thus,
it is necessary to improve the existing volume growth rate or its estimation system.
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Table 1. Number of sampletreesused for diameter growth measurements by species.

Speci Age Classes
ies
Il 1 v \% Vi VIl VIl sum
Quercus acutissma 103 359 318 83 7 - - 870
Quercusvariabilis 128 859 981 364 141 36 22 2,531
Quercus dentata 23 150 132 40 20 12 - 377
Quercusaliena 59 380 260 44 5 - - 748
Quercus mongolica 144 1,077 1,447 718 302 185 140 4,013
Quercus serrata 83 514 351 95 25 15 - 1,083
Total 540 3,339 3,489 1,344 500 248 162 9,622
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Table 2. Regression coefficients of tree height parametersto diameter at breast height by species.

Six

0.038
0.038
0.036
0.035
0.036
0.037

Tree Height Estimation Equations

Species

Quercus acutissma
Quercus variabilis

0.64
0.61
0.64
0.65
0.60
0.68

22.0e—10.21/D BH

HT
HT

1,535
4,653

21.46_10'01/DBH
17.66_8'74/DBH

HT =
HT
HT
HT

682

1321

Quercus dentata

20.16_9'29/DBH

Quercusaliena

18.96_8'80/DBH

7,090

1,957

Quercus mongolica
Quercus serrata

19-7e—9.38/DBH
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Table 3. Estimates of volume growth rates by species and age classes.

Volume Growth Rates(%)
v VI VI VIII

3.6

"
55
53

5.7

Species

23
22
24

21

26

27
28

29

9.8
9.2

Quercus acutissma
Quercus variabilis

15

17
17

38

38

8.7

Quercus dentata

41

58
5.8
6.3

10.1

Quercusaliena

13

16
19

22
23

29

32

4.0
43

9.1

Quercus mongolica
Quercus serrata

10.6

Table 4. Regression coefficients of volume growth rate to tree age by major Quercus species.

Ss
0.032
0.032
0.036
0.031
0.037
0.034

Volume Growth Rate Equations

Species
Quercus acutissma
Quercus variabilis

0.46
0.43
0.42
0.35
0.48

041

17 7e—0.0467AGE

VR=

870

2,531

" _0.0335AGE
11.9e

VR=

12 7e—0.0347AGE

VR=

377
748

4,013

Quercus dentata

- _ 0.0423AGE
16.5e

_0.0293AGE
10.8e

VR=

Quercusaliena

VR=

Quercus mongolica
Quercus serrata

—0.0378AGE
15.7e

VR=

1,083
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Table 5. Estimates of volume growth rates by species and age classes and the results of Duncan's multiplerangetest.

. Volume Growth Rates(%6)
Species
I 1 v \% VI VI VIl Overal
Quercus acutissma 9.8 ab* 55bc 36d 26b 23a - - 50b
Quercus variabilis 9.2ab 53c 3.8cd 27b 22a 17a 15a 4,3d
Quercus dentata 87b 5.7bc 38cd 28d 24a 17a - 46¢C
Quercusaliena 10.1ab 5.8b 41ab 29ab 21a - - 54a
Quercus mongolica 91ab 5.8b 4.0bc 29ab 22a 16a 13a 41d
Quercus serrata 106a 6.3a 43a 32a 23a 19a - 56a

*Same |etters stand for non-significant difference at 0.05 probability levels.
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Figure 1. Volume growth rates of major Quercus species by
tree age.
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Table 6. Regression coefficients of volume growth ratetotree
age by two groups of major Quercus species based on growth
patterns.

. Volume Growth Rate 2
Species” n Equations Six r
Groupl 2701 VR=161e **"M°E 0033 040
Group2 6921 VR=11.0e®®*E 0035 046

*Group 1 : Quercus acutissma, Quercus aliena, Quercus serrata
Group 2 : Quercus mongolica, Quercus variabilis, Quercus dentata
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Figure 2. Volume growth rates of two groups by tree age.

o}, whHo] 2F 28 9% 10d00A 28 18 tE v
ANHRGES HolA| vk 9# 35
ol o]2W 2F 13 22 AFES Ho|w, 3534 o]
Folle 25 19 ARYFES F3dke Aoz yeht
25 7kl AR o] Fdd] tES AT
ATH.

2 e of gy Yo

2 =

2 ATe ST AL RA AEE o]&8te] -8
yelo] EEshs A v(Q. acutissima),
(Q. variabilis), 9 ZYF(Q. dentata), ZFHYUF(Q.
aliena), 21 Z\%(Q. mongolica) 28] 3 &3 5(Q.
serrata)®] &/ =8 TR Tl gk F5E A A
AWAES FAsL dFd WE 5 ANAAGE o
29S Jhdstar ) skt o) & 18l A5xF =7t 4F
AQdzAre] Al1ak B 22hd =0 7% 9,62229] 6
N Fr 75 AR 2AF ARE AT SF
B AR A AR ARG ES 7
IAFES FAHBAAL, olE vEoRE ol R T
Zo| I ARG ES FAsIAT =3 G52 A
AAGEO] FF 2ol FAA Aol7t A=AE A s}
7] 918ke] EAFEA 3 Duncand] THEAA S A EHA
Oﬂﬂ Duncan®} E‘r%‘— 130 oJa B F5E A%

ot

?‘5} XHZVMg Oﬂ% =4S hstsi.

bR el 2 03% AR GEE FF o
2k Zpol= VAT NFF2] 3% 10% Helo] =2 A%
ES woltr}, NG FAME 6% W2 ol 37

o] o AW wE &xz YgEo| Hashs Aoz 1}
B, BURR o) ARSAS AAdo Aun

W AU, 2 28 23U ) FES
)\h;HzJ oz o ZHX']}\(EX]'g—— EO]L —] o7 L}ﬂ"fm}‘:}
SPAIRE 23U, G a2|al AU s AR
0] tha w2 oz vetE et wEtA FTR 6

N FE2 AHAZEN w2t ey 5o AFE
o] & IFd A T AgEC] e 2l 1
FO2 ERY & k. olst 2o T he] 25
whe} 7)E AL 9 e AuTe] B
2R3 $HEE VA R Sl F8dte]
489 4% sl Fa AXNE AT dE

PR o) £59 4Y 2 FEEYL F o Pt
A st 4 9e O Ak BE # Aol
e AFE Selde Exale FUEF 459 o
P BeA 494 Belo] Wed gue gad &
21& Aol



HAlel 2

o] =2 AA A AN EANY (H A
S120707L.1101104)' ¢] Aol o]zl e Ad7e] 4
FPunh A1) A el ZAEH YT

IZ=E
T

1. g4t Fskel. 2004,
of| ZA)2H, 125p,

2. 7749, 1985. AHHSA T FEAL 275p.

3.2HdA. 2004, =Ul9] o7 Wl whE AFRIARIZARA
A NA A1), 284p.

4.2F7. 2005. HUe] o Wasle] w2 AR RAA
A ANE AF(V). 290p.

5. 4k7. 2007. YFEAIAE. 406p.

6. =95, o174, Hdw, ¥y, 2003 ArEvE T 4
N FUEF dEe AY 54 9 29 A st
3] 2003d% stEd IEEEy. 71-73

7. 2008, IAF, AT, SUA, HojH, FF35. 2007

_"
o
SR Fa PUE 5EY 98 ARE #4. @

o
B
2
ox
o
i
4
o
kd
e
o,
=
3

633

B AT+ TR=EF. 42-46.

8. 4FA, B4, 2003 G9A FUTRS) AeAuE 5
R-gedsie] og e AR whe- AU
92(3): 208-214.

10. FA7], +H2. 2006. A FAFEY A2 UFe 2
R AR B4, d=dEs|R] 95(1): 131-138.

11. Corona, P, R. Scotti, and N. Tarchani, 1998: Relation-
ship between environmental factors and site index in Dou-
glasfir plantation in central Italy. Forest Ecology and
Management 110: 195-207.

12. Monserud, RA. 1987: Variations on a theme of gte index.
Proceedings of IUFRO Forest Growth Modeling and Pre-
diction Conference. Minnespolis, 419-427.

13. Prodan, M. 1965. Holzmesdehre. J.D. Sauerlander's Ver-
lag, Frankfurt am Main, 644S.

14. SAS Indtitute Inc. 1985. SAS Usar's Guide: Statistics.
Ver. 5.0. 956p.

(20084 9¥ 179 A4 20084 10¢ 202 A=)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


