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Direct and indirect effects of thinning and deer exclosure on stem growth in Cryptomeria japonica

-a case in Japanese cedar plantation with delayed thinning in Ashiu-
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Effect of thinning and deer exclosure on periodic annual increments in diameter of Cryptomeria japonica and vegetation
coverage and height were investigated in a 40 years cedar plantation in Ashiu, Japan. We examined whether thinning
promotes stem growth of cedars in plantation with delayed thinning on bad growing condition and whether the deer
exclosure restrict the stem growth through competition between cedars and understories. In thinning experiment, periodic
annual increments in diameter was significantly larger for individuals in thinning plot than those in control plot, indicating
that the thinning was effective for a plantation with delayed thinning on bad growing condition to promote diameter growth
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of cedars. Effect of thinning on vegetation cover and height was not significant in the thinning experiment, and hence, the

indirect effect of thinning on the stem growth through understory vegetation was obscure. Deer exclosure significantly

increased the vegetation cover and height, whereas the diameter growth of cedars inside fence was not different from that

of cedars outside fence. These results show that the deer exclosure does not reduce diameter growth of cedars within three

years. However, how the effect of understory on the growth of cedars was reduced remains unsolved.
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HZARIZ13# 2500 75 ha DHFEMAH Y, D) LD 4 H
W ATLMHTH 5 (FAO, http://faostat3.fao.org/home/E) .
N THOARM EIFE I BT 2T EOREE LTI
BNOMBL N & (BREE, 2010) & ¥ A2 Xk B3
BEOHMPH T HNE CZHE5, 2014). FkEhLo
NTARISH U TR HERR ST W B 28, BRAERDE
DL BEEERT ORI HG (eg, KEDS,
2000) AT H B EEFFEVDTRRICH B, T2,
AL BMEREICIE, HLEERE L 2SRRI
T ABEHE R (B, 2011), Hr/z A 22 i AR
THEENHY (KIF, 1999), BRI A - 72 AT
TIIHEPEE 2 5. v H Mo BE 38 H X %
i CHERGFEO—DTHALLEEZLND DS, ke ¥
71 HEBRAM DT )7 DRY I % Wedd L 72FgRId £ 72 % v,

MRIE RO 2155 L L2, RSNz VRO
ZIRET Z720DKITH Y, @B 10 ~ 20 5F2ETHIA
35 (MY, 1987). —#%IZ, MBI Tl ERE
ELRY, MRICE DR ENR Do TL B L
SO Twd. 20k, BERELO N THKTIEHED
RFEAVNS B e FHEINSG. LAL, 10~204TH
REITIRERAYr V2 —ViT 60 EREOLRIICEDLE
TWwbH0THD (KIES, 2000), HAbH O RKA
D AFHRTIE 100 4F % W 2 5 M5 TORED KEARER)
Erbrlrzellne (KAES,2000; #HS , 2007),
MARENL D N THRIZ BT b R E R AR R T WiFE
T&%. 72721, VHBERBOEVHKGTIE, AFETHE
WA OME RO GEN - B, 2014) RES O
&, FPHOBARIZ X 28 DANOER DA F O
ZHIHI L T2 RSB ), D% B NTAHRTD
DR Z G 2 LE DB 5.

ABEBRMNE Y AL 2 REDIZDICER LA %
FfET 5 DIV SN TE 72 (Nomiya et al., 2002; Br 11
5, 2012; FAE S, 2012). Zolzd, ¥ AHERME AL
MIZRRE L7256, B X, HoBEOEAL w72
WEBEIIRIT A D00, TEMARIENTS. @
DOz H ZNZ X B HBEARDIEE LM - FRDHE AN
ATERER, BRAEAROREAMEME S 7z & v ) HFIFREH

HHIrEFZEzDHE (EAK -, 2003; Miyaki and Kaji,
2009), BRI TR AT % L EMRADO R E % ]
Wl WD E Z SN BDS, TREHE L ERADOKE
OIS BRI AZEZ A S N TV 2w,
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5,2013). B HIFWA3 X KT, EAAD
BMEEHF VRS Ao (BRILS, 2012). ZhidE
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REDHIR SN TR EEZRLTEY, ViR
FRHE LA FR o FH (KMES, 2000; B - #1455,
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R REAE IR AT 2013 4E 8 H, 2014 4E 8 A AT b7,
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2011 45 11 H, 2013 4 4 H, 2013 4E 11 H, 2014 4
11 HIZE L 22N A FofEEET — % % H
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Table 1. History summary of management and survey in Miyanomori cedar plantation. Histories of management was extracted from
plantation ledger (provided by Kyoto University Field Science Education and Research Center).

Year Management

Tree census  Vegetation survey

1972  Planting (Cedar, Cypress) (Jun)

1973 Supplemental planting (Cedar) (May)

1975  Supplemental planting (Cedar) (Apr)

1983  Pruning, cleaning
1989  Pruning, cleaning
2011
2012 Thinning (Jun)
2013
2014

Nov Jul
Jul
Apr, Nov Aug
Nov Aug

F2 2011 ~ 2014 ‘FOBERER (a) B LU 2 HERMERER (b) 1281 2 A X OEEEOFHME & RS Pt eicdto <.
Table 2. Diamter at brest height on thinning examination plot (a) and exclosure experiment plot (b) in 2011-2014. Means and standard

erros are shown. P - values are from #-test.

(a)
Time Control outside fence (506) Thinning outside fence (204) P
Initial 21.6 =+ 0.3 24.6 = 0.5 <0.001
2012 22.1 0.3 25.3 £ 05 <0.001
2013 224 + 0.3 25.8 £ 0.5 <0.001
2014 22.6 + 0.3 26.3 =+ 0.5 <0.001
(b)
Time Thinning outside fence (199) Thinning inside fence (35) P
Initial 24.1 £ 05 289 = 1.1 <0.001
2012 24.7 £ 05 292 £ 1.1 <0.001
2013 255 £ 05 30.1 = 1.1 <0.001
2014 26.1 = 05 309 £ 1.2 <0.001
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TRHAOFAE TIX, 2011 4F 7 HICkiE Sk
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£TH, 201348 H, 201448 HiThiAHAEa Ko —
N OHMEE AR ORI, TR S 2 ME L7z 2 F T —
MR - M 12 55, BR - SRS 46 25, AR -
MHIZ8HTHo 72, A FRTI—POELENSLTHE A
=V ESRITHGE L, BRI X D AR & 1% B
TUE L7z, WS I21% Image ] (Rasband, 1997) %
M7z, BEEEIZ I R — NN E Lo 5 Tl
EL, FHLE ZhbsoF—4% & 2011 4E 7 H O
REWFER BILS, 2012) OF—4 k&b TR L
7=.

2. 4. ¥EtERMR
FTRTOMHIZR 3.0.2 (R Core Team, 2013) % W
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® — Thinning outside fence (204)
0 ---- Control outside fence (506)

2.0 A

1.5 +

ADBH (cm)

0.5 4

-0.5 +

DBH in Nov. 2011 (cm)

X1 FEERERIZ B 5 2 F ol Rt & @ MR RERE oA, B goien e mgce- sy, Rk oMz &5
FEM, WL T E A - KL, RIS M & R EDR L 72 O IR E . LB ORRIA O Bud Y Tv A X
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Fig. 1. Relationship between DBH in Nov. 2011 and increment per year (ADBH) of Cryptomeria japonica in the thinning experiment. Black
and white circles denote values for “thinning outside fence” and “control outside fence”, respectively. Soild and dotted lines denote
regression lines for “thinning outside fence” and “control outside fence”, respectively. Numbers in parenthesis in legends show sample size.

#3 BRI BT 5 A FENEARERIZOWTOSHGMTE.
Table 3. Summary of ANCOVA on mean diamter growth (cm /y) of cedars in the thinning experiment.

Variables df.  Sum of Square F P
Size (DBH in Nov. 2011) 1 4541 982.750 <0.001
Thinning 1 3.40 73.518 <0.001
Size X Thinning 1 0.20 4.341 0.038
Residuals 706 32.62
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2205, AR TRAERY 4 X0EW 2+ 5128
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Fig. 2. Coverage (A) and vegetation height (B) of understory in the thinning experiment. Plots and bars show means and standard
errors, respectively. Black and white denote “thinning outside fence” and “control outside fence”, respectively. Different letters indicate
statistical significance between groups at the P < 0.05, based on Tukey HSD test. Numbers in parenthesis in legends show sample size.

F4 FMERBRICB T 5 PEAEORHBR (a) BLOEESE (b) 122V TOSHGHIE.
Table 4. Summary of ANOVA on vegetation coverage (a) and vegetation height (b) in the thinning experiment.

(a)

Variables d.f.  Sum of Square F P
Year 3 1.111 16.336 <0.001
Thinning 0.022 0.956 0.329
Year X Thinning 3 0.070 1.022 0.384
Residuals 201 4.603

(b)

Variables df.  Sum of Square F P
Year 3 5323 9.567 <0.001
Thinning 261 1.407 0.237
Year X Thinning 3 2356 4.235 0.006
Residuals 201 37280
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Fig. 3. Relationship between DBH in Nov. 2011 and increment per year (ADBH) of Cryptomeria japonica in the deer exclosure
experiment. Black and white circles denote values for “thinning outside fence” and “thinning inside fence”, respectively. Soild and dotted
lines denote regression lines for “thinning outside fence” and “thinning inside fence”, respectively. Numbers in parenthesis in legends show

sample size.

#5 TAPRERERICBIT B A FEARRIIDO W TOHEIITE.
Table 5. Summary of ANCOVA (a) and ANOVA (b) on mean diamter growth (cm /y) of cedars in the deer exclosure experiment.

(a)
Variables d.f.  Sum of Square F P
Size (DBH in Nov. 2011) 1 10.698 150.110 <0.001
Fence 1 0.078 1.092 0.297
Size X Fence 1 0.139 1.946 0.164
Residuals 228 16.250
(b)
Variables df.  Sum of Square F P
Size (DBH in Nov. 2011) 1 10.698 149.493 <0.001
Fence 1 0.078 1.088 0.298
Residuals 229 16.388
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AR R O R E R R AR - A X D b R - AL T
HEIRED o725 HEDENZHE TR 272 (1
3, #5). 7z, MURMEMOMMEHEFEL WV ERYE,
HESL &N OE NI AR TId 2o 72 (F5b).

PEBRAMRD R D LLBIZ 51T 2 T IR E OREHAR & BEE

DEREALZ KA NTR LTz, ¥ A HERRR) o0 el Tl
B X BEVE AR R E MO HAR DS IS 1 TH
0, 2013 4E, 2014 4EIZHEN TEWE ST STz (G
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4. EE
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Fig. 4. Coverage (A) and vegetation height (B) of understory in the deer exclosure experiment. Plots and bars show means and standard
errors, respectively. Black and white denote “thinning outside fence” and “thinning inside fence”, respectively. Different letters indicate
statistical significance between groups at the P < 0.05, based on Tukey HSD test. Numbers in parenthesis in legends show sample size.

%6 TAPRARRICE T B VAR (a) BIUHEE (b) 2OV TORHRDHITE

Table 6. Summary of ANOVA on vegetation coverage (a) and vegetation height (b) in the deer exclosure experiment.

(a)
Variables d.f.  Sum of Square F P
Year 3 5.562 52.76 <0.001
Fence 1 7.161 203.78 <0.001
Year X Fence 3 7.231 68.59 <0.001
Residuals 188 6.607
(b)
Variables df.  Sum of Square F P
Year 3 12837 12.35 <0.001
Fence 1 30092 86.86 <0.001
Year X Fence 3 41908 40.32 <0.001
Residuals 188 64438

oz (K1, #£3). IhoHiE, Wil oL hEEOE
W40 FEAERBEAF A THRIZBWTD, BRICE2E
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BALH G 12BN T, A O MR DR £ 49 4E B I2AT

b NI#RL (RfES ,2000), 100 4% 8 2 5 i

RO TH WK X Y WEIYET 2KV H L 2 L
DBHEINTWDEZ s (B - F4y, 2006; #H
2007), 40 FFHEOKRMEA FOWEHLYH L 72 LI3HF
REFHITIEIR . 72720, X BT o BB
EHEY AL, HEEEROMINIZNIEIERE Ik
Moz, RS (2010) A% 33 4FLE A F N LA TR BEEH

B (R 62%) 217> CTEHARERZH#HRE S
2, WALENEAE 0.5 em BRETH - 72 b DA MK KR ITHF 1.0
cm FEIZEIML Tz, TSR L, KRBFZEo 4k - Mt
BT B EMEERRKEREIE03cm T &0 5 06
cm [ EZHWIML 7225, wWIhdwARS (2010) oy
I HNERo7z HARS (2010) ITHARTEMIEEK
REOWMMA/NE o 2iHE LT, AHAMRITTAS
(2010) ASFAT L 72 W IS R Tl 72 & & R JHIR
AN EBRIF SN, AT, WA S (2010)
TREWRE A SN/ L, & FTIFIRRE
PRV ENTHELDH L5000 Litewv, FEIRFMERIE
—EDOHETHEEDOE R EBNAY»IESL Z &0 b,
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T, MRRBRICB W T AT OBERRE & TR
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%2 FTYAICLAREEZZITITBY, MKICLET
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BT 5 L) IR 5 ZBICHBRE T RETH 5.
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otz (K5). ZoORREIEF, P L EMWITIE,
NITHRTO Y IR O E DS A ¥ OB K 2 #fil 3
25DTE BV EERLTWS. - K- 1R L
Vo 7z i U2 A 2 AR © b S E T %
ATy FHE05EZ o TR AR S LT
W5 (Silvertown, 2008). FJEAKRTH %A FIZhEHER
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72720, SRS SIE T A RS A FOREIC
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ERMLCWAUREDEZONSL. LA oT, V7
PEBM 0 #1812 & B T RERZE R OBIMA A FOHEKE
ERHIT B0 IOV TIE, SHEfFEOA S =X L
DOffH & MR A X OREMNT 2 T2 U0 D 5.

D EofERIL, WiRATS IR H 5 AL O R
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