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Table 2. fEifBERRAIARSERE HH 8 (RIED OHER & a—k— b2 L
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2010 51,210 430 1,820 3,160 3,760 3,650 3,750 4,150 5340 6,940 7,540 4,680 3,640 2,350 51.5
2015 45,430 320 1,530 2390 3,530 4,020 4,070 3,470 3,780 4,930 6,120 5430 3,170 2,670 51.8
15~347%
I—kR— MR CHI O B R E B0 — GO 1D R O 4 i B & 6E 5 2 50 DEF
1980—85  -19,979 458 1,324 813 461 202 -53 388 1,575 2,996 -5,368 -5,568 -3,843  -3,446 3,056
198590  -25,846 272 657 92 -461 -62 -45 685 -1,207 -2,102 -7,578 -6,631 -4370  -3,726 560
1990—95  -18,933 420 1,049 636 271 363 246 44 366 -1278  -7,127  -6,028  -4433  -2,642 2,376
199500  -14,006 447 1,322 952 700 400 443 694 684 653 -3,778 -5717  -6,349  -4,457 3,421
2000—05  -15,385 379 1,135 661 482 385 450 573 92 272 2272 -4320 -7.286  -5,936 2,657
200510 -963 430 1,441 1,578 1,357 895 914 900 1,138 1,201 434 2347 23,584 -4,452 4,806
201015 -5,780 320 1,100 570 370 260 420 -280 -370 -410 820  -2,110  -1,510  -3,320 2,360

O—sh— FEER ¢ @ REF O a—F— M LB + GO 1D F O G ks i FH O

1980—85 -13.7% 185.7%  32.9%  10.7% 29%  -0.5%
1985—90 -20.5% 143.4% 4.5% -14.0% -1.3%  -0.6%
1990—95 -18.8% 385.7%  57.0% 12.7%  12.9% 5.2%
1995—00 -17.2% 314.8%  72.1% 40.0% 16.7%  13.9%
2000—05 -22.8% 253.9%  37.9% 21.2% 15.7%  16.1%
2005—10 -1.8% 380.2%  99.7%  56.5%  32.5%  32.2%
2010—15 -11.3% 255.8%  31.3% 11.7% 6.9% 11.5%

O—FR— ML RORFELT) (198590 D2 {LH=100)

-2.1%  -5.5%  -104%  -25.3% -42.6% -52.5%  -67.6%
-7.1%  -6.8% -7.8% -29.3% -41.8% -582%  -72.6%
-0.6%  -4.1% -7.7%  -28.8% -33.0% -48.0%  -58.2%
14.0% 9.7% 7.6% -24.7% -32.5% -51.9%  -66.5%
15.8% 1.6% 3.5% -24.4% -37.4% -613% -73.0%
27.7%  27.1%  20.9% -5.4% -33.4% -49.6%  -65.5%
-1.5%  -8.9% -7.7%  -11.8% -28.0% -32.3%  -55.4%

1980—85 109 117 127 129 104 100
1985—90 100 100 100 100 100 100
1990—95 102 199 150 131 114 106
1995—00 104 170 165 163 118 115
2000—05 97 145 132 141 117 117
2005—>10 123 197 191 182 134 133
2010—>15 112 146 126 130 108 112

AL @ CHEIORERF L) + CHID A LD

105 101 97 106 99 114 118
100 100 100 100 100 100 100
107 103 100 101 115 124 153
123 118 117 107 116 115 122
125 109 112 107 108 93 99
137 136 131 134 114 121 126
100 98 100 125 124 162 163

1980 0.163% 0.009% 0.031% 0.048% 0.064% 0.106% 0.218%
1985 0.133% 0.005% 0.025% 0.042% 0.053% 0.066% 0.106%
1990 0.099% 0.003% 0.013% 0.026% 0.036% 0.052% 0.066%
1995 0.077% 0.005% 0.013% 0.020% 0.030% 0.041% 0.055%
2000 0.062% 0.006% 0.021% 0.023% 0.028% 0.034% 0.046%
2005 0.047% 0.006% 0.021% 0.029% 0.028% 0.032% 0.040%
2010 0.046% 0.007% 0.028% 0.043% 0.045% 0.037% 0.043%
2015 0.041% 0.005% 0.025% 0.037% 0.048% 0.048% 0.041%

0.351% 0.400% 0.378% 0.293% 0.185% 0.113%  0.045%
0.216% 0.338% 0.369% 0.293% 0.179% 0.098%  0.035%
0.100% 0.205% 0.319% 0.270% 0.180% 0.082%  0.023%
0.066% 0.097% 0.192% 0.235% 0.191% 0.102%  0.026%
0.063% 0.074% 0.106% 0.149% 0.167% 0.100%  0.025%
0.054% 0.065% 0.077% 0.082% 0.097% 0.069%  0.019%
0.051% 0.069% 0.079% 0.075% 0.057% 0.052%  0.017%
0.040% 0.047% 0.065% 0.072% 0.056% 0.041%  0.016%

O—h— FZEBORETIA T T =R — M T GEFEEO T — R — 2RO + GO 1D FOERBHRAIALD (75 ZMEDHET)

1980—85 0.016% 0.010% 0.005% 0.002%
1985—90 0.007% 0.001%

1990—95 0.010% 0.007% 0.003% 0.005% 0.003%
1995—00 0.015% 0.010% 0.008% 0.005% 0.006%
2000—05 0.015% 0.008% 0.005% 0.004% 0.006%
2005—>10 0.022% 0.021% 0.016% 0.009% 0.010%
2010—>15 0.018% 0.009% 0.005% 0.003% 0.004%

0.008% 0.006% 0.007%
0.007% 0.001% 0.003%
0.011% 0.015% 0.014%

GERD  THEZHE) 24

GB) - HEFLD T &, FRERIIEFERDBITH D, MaticB I 2B IEDINITHET 2 END 5.
cPEFH D I — R — ML - 2L - RELTO TR &, EFRERBIC OV T O R,
 CPEIAEERE, FEREER ORI (175, 22i%, ...) TR Uz, o, FlmBER7smU EICI377% %2 H Tl T,
TEDEFRE DT (75~795% + 80~84)% - 855 A L) THINENZ FHFEH L D ODNE VLK%,

2.4 O—h— FfLESER BRI O A

PR EROEILD T —F— M C X B BISE I
. DEHERD 2050 4 E TOIBASER 2 T—h— 2
(RIS & D 1T5 0 iR (2010) &, —EHHKICD
TR O AR (TS A - i G ER
FEITIC & B LR (EA) - B GEHD ZRE
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METEHELADNTEBOT NS, F7220 ~ 24 1KIC
DVTH, IEHEHL 15~ 19ROBEIc LB eh
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DEALINT A =R =R\ 27— A, 2005 — 10 FD
ZAEISTG A =R =Rz — At LT, X"—2Z
F—A Lz,

DL EOMERFEZ BGOSR, B 572D THA
THMTELERDE KD,

P2z N, WZMEREER. a ZEmBEHR (15~
19 %, ... 70 ~745%, 15 WL, t 29 GEBX)
bl RN

25 ~ 29 KB XU ZNLLEOFERBERIC DOV T,

- d—3FR— FA{EE : Cl(a)

= W(a,t)/W(a-1,t-1)-1 (a=25 ~ 29 j&. .... 70 ~ 74 i%)
W(a,t)/(W(a,t-1)+W(a-1,t-1))-1 (a=75 LA F)

« I—Fk— ML DORETHANLTLE - C2(a)

= (W(a,t)-W(a-1,t-1))/P(a-1,t-1) (a=25 ~ 29 &, ...,
70 ~ 74 7%)

LxRbIN,

s tH FEONEHEE  W(a,t+1) 1.

J—FR— MK Cla) WY1 T ADEE
W(a-1,t) X (Cl(a)+1) (a=25~29%.....70 ~ 74 %)
(W(a,t)*W(a-1),t) X (Cl(a)+1) (a=75 %L F)

OI—3R—FZE Cla) B0 FET T ADGEE
W(a-1,t) X (C2(a)+1) a=25~29 . ... 70 ~ 74 %

THERIE NS,

15~ 19 . 20 ~ 24 I DOV TIX,

c PERBRBOR BN - C3(a) = W(a,t)/P(a,t)

ZHWT, t+] FOMFHEE : W(a,t+1) &,

W(a,t+1) = P(a,t+1) X C3(a)

THERIE NS,

Fio, BEEEST A—2—7% aff (1.5F., 2 5.
2.54%) LI BEEOHEGTIE, 25 ~ 29 L 30 ~ 34
IS DWT, I—F— FE{LE Cl@) YA FADY
FiEmAmicEr e 9558 e U (22 LATOH#HERT
TRZDT—AREN), Cl@) N0 XX T T XD
HlE C2a) ZafELTH W, 15~ 197 & 20 ~ 24
RICDWTIE, C3(a) & a L THW T,

2.5 MEREERORRHETER

RUELTe8 T — ADOMEN BT HOHEHHE R & T
‘i %2 Fig. 4. Fig. SICRd (7 —ATHWIZAL
INT A—Z—IX Table 3 ZBM), X—ZA 7 — XA TIX,
2015 FEDMEMNTHZ L 4.5 5 AH 2030 F£113H 7 8]
D32 N U, 2050 FIciE 2.3 AN E T 3
MR Lo fo, THEERIZ 2015 4E 51.8 M 5 2030 4
50.2 &%, 2050 fF 492 K L X N IEEONTH O, HFii
ORI M E S, xF 15 L E AT
2015 £ 0.041% 15 2030 4F 0.030%. 2050 4F 0.026%
EMETULL 2015 FiTHRNZ EANOLIE 30D 2 275 %,

WREEHHEREET Ly — AT, GERZEL
IST A= —F 1.5GL UIzA, 2030 3.6 5 A,
2050 £ 3.0 T N E B HE TREMS . 3 15k
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AN TR % & 2030 4F 0.034% N R L7z, 2050
fF1E 0.033% EMIRICHE . BEEEIST A—2—
M2 EOHAEE. 2030 £ 3.9 75 AL 20504E3.7 F A&
RO k15 LU E AR 2030 £F 0.037%. 2050 4F
0.041% EBLRITEWEDHER TN 2, HEBEEL D
A== 2.5 EDHE. 2030 4 4.3 5. 2050 4 4.4
ANEWEREEBDHERF SN, TOROX 15 KU EAD
FiZ 0.040% 5 0.049% N\ FRT B, WINhOHEAET
&SRR I R LTV LAY, 2040 FEEEBEIC
FRERICEE T %, T, BHIEEERENENL T
SEHERESE TF P, LEWRNBLThE, —
HCHEERONEFEFEIEMMI AN LRI E>TLE,
IZPk> TV 72D Th 5,

DA DZEL/RT A —Z—& LT, 2000 — 05 F
ZALIS T A — R —7 W28 6101& 2030 4 3.3 5 AL
2050 2.5 FANETRD, R=ZAT =X & KEKR N, &
BIRTGA—=Z—DNR—=ZA 7 — AL L TN BT
HHH, CORHELERhERKEEH TSz, —
Ji. 2005 = 10 EZENR T A—F2—FHWIH &,
2030 4 5.0 73 AL 2050 4E 5.1 75 N & BIAE D e 35 H 5%
KO EHMT B RET -T2, TR, 55~ 59 %L
TEEAEDFERBEMDZE(LIRT A —Z—H D HARY
WHRTKRIBICE WD THO, TORCIET TRYF
IR, UBRFORHEEHOTIFIEED ELTHDN
e fREI NS, LRI, 28T A—2—ZHW
WM ZZEZ 2 LHEHERMIRKELLZEDOEZ NS
J— 35— FE(EREDRHEMNEDICE > ETE H %,

DlED & Sic, MEMEZEBOELDOZ(LNSEE
T 27513, 2030 4RI 2015 FED 7 EIE 7R D 2050
I E VD HEGHE R & Tx o Tz FERDARM LG
REMIC R ERHEHEEBICOVTREDOETHRIT S
MW, WHEHEREZNZGEOHEE LT, MALRD
Hekr, SHICRRREREROHRENEZONK S, SH
DHEFF T, 15 ~ 34 KD EEJF DAL IRT A — X —
FEEO 2 I EF USSR A AR S N, 2.5 51
FFNREMEEERD R S NSERTHo 72, TNH
DT — AR DVWTEHEFEEDOI—F— B DOER =
R2E, R=Z2F7—ZAT2FABRBEDOEINTHZDIC
U, ZIRT A== 2 F5DHEEE 4 ~ 5 T A,
25 5D AT 5 ~ 6 TABIROENNE 7% % (Table 3),
2005 = 10 4EICid 4.8 TATH - 72h 5 (Table 2), X
AN MERs 2 B EE MO A TR S ICE, SEFE TR
NHBFHEDPHEN E R S5NS 2005 ~ 10 F 4D
AR S N B 0 E N D % (T TITigF 7 AU
HLETSETEDOEHBRENMUIET 2 HRENFHEHEK
ROT, BEOHESEHEMETIE L, #HEDKRN L
OxfbE LT A 20087255 9), a—k—F&
LB FEBRICIIMENFENDB A LIBHOETH D,
BHERHZEENEEAINE REOSARIET—
F—= R BRI D ZNEDPREENS T LICKD, &
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Table 3. ARSI SENESF R (1E) OFPRHAEHIR (201543 KA M, 20204 LA HER HiD

(Hfir © )
oy RO g
i <$%u 15~19 20~24 25~29 30~34 35~39 40~44 45~49 50~54 55~59 60~64 65~69 70~74 ”fu %fﬂ ;ﬁg 15~34i%
: EAC NG Da—
R— b2
2015 45,430 320 1,530 2,390 3,530 4,020 4,070 3,470 3,780 4,930 6,120 5430 3,170 2,670 0.041% 518 (s
FON)
(1) R=RAT7 —ZQ010=>15 FDLEAIST A—X—FHW\ G
2020 40,227 297 1,563 2,061 2,716 3,758 4378 3,766 3,161 3,490 4,347 4407 3,678 2,603 0.036% 516 2,398
2025 35,603 282 1,460 2,105 2372 2919 4,072 4051 3430 2918 3,077 3,131 2985 2,800 0.033% 510 2,298
2030 31,912 265 1,386 1,967 2,420 2,563 3,196 3,768 3,690 3,167 2,573 2216 2,121 2,579 0.030% 502 2,191
2035 29,166 252 1,307 1,868 2261 2,614 2,826 2,958 3,432 3,407 2,793 1,853 1,501 2,095 0.028%  49.7 2,069
2040 27,051 229 1,241 1,761 2,148 2,442 2,879 2,615 2,694 3,169 3,004 2,011 1,255 1,603 0.027%  49.4 1,952
2045 25,184 220 1,130 1,671 2,025 2320 2,691 2,664 2382 2487 2,794 2164 1362 1274 0.026%  49.3 1.815
2050 23,446 212 1,084 1,522 1,922 2,187 2,557 2490 2427 2,199 2,193 2012 1465 1,175 0.026%  49.2 1,719
iYL |4 WAL | a—k— FZEEOMALLE | J—Fk— hZ(ER
IRTA—=F— 0.005% 0.025% 0.009% 0.005% 0.003% 0.004% -7.5% -8.9% -7.7% -11.8% -28.0% -32.3% -55.4%
(2) HHEE(15~34i%) DS T A— 2 —% 1.5 fHc Lt
2020 41,585 446 2344 2327 2,880 3,758 4378 3,766 3,161 3,490 4347 4407 3,678 2,603 0.038%  50.7 3,756
2025 38,111 423 2,190 3,158 2,793 3,082 4,072 4,051 3430 2918 3,077 3,131 2,985 2,800 0.035%  49.4 3,447
2030 35,516 398 2,080 2,950 3,630 2,984 3,360 3,768 3,690 3,167 2,573 2216 2,121 2,579 0.034%  48.1 3,287
2035 33,792 377 1,960 2,802 3,392 3,824 3,247 3,109 3,432 3,407 2,793 1,853 1,501 2,095 0.033%  47.3 3,104
2040 32,608 344 1,861 2,641 3221 3,573 4,089 3,005 2,832 3,169 3,004 2,011 1,255 1,603 0.033%  46.9 2,928
2045 31,513 330 1,694 2,507 3,037 3,394 3,822 3,784 2,737 2,614 2,794 2,164 1362 1,274 0.033%  46.9 2,723
2050 30.407 317 1,626 2,283  2.883 3200 3,630 3,537  3.447 2527 2305 2012 1465 1,175 0.033%  47.0 2,578
M2k WAL | a—h— FZEEEORALL | J—k— R
ST A—=F— 0.008% 0.038% 0.013% 0.008% 0.003% 0.004% -7.5% -8.9% -7.7% -11.8% -28.0% -32.3% -55.4%
(3) N (15~34/%) DE(ST A—2—% 2 fFIc LI
2020 42,944 594 3,125 2,593 3,043 3,758 4378 3,766 3,161 3,490 4347 4407 3,678 2,603 0.039% 498 5,115
2025 40,619 564 2,920 4211 3214 3245 4,072 4,051 3430 2918 3,077 3,131 2,985 2,800 0.037%  48.0 4,596
2030 39,119 530 2,773 3,934 4840 3,406 3,523 3,768 3,690 3,167 2,573 2216 2,121 2,579 0.037%  46.4 4,383
2035 38,417 503 2,614 3,736 4,522 5,034 3,668 3,260 3,432 3,407 2,793 1,853 1,501 2,095 0.037%  45.4 4,138
2040 38,165 458 2,481 3,522 4295 4,704 5299 3394 2969 3,169 3,004 2,011 1,255 1,603 0.039%  45.1 3,903
2045 37,842 440 2,259 3,343 4,050 4,467 4,952 4,904 3,092 2,741 2,794 2,164 1362 1,274 0.040% 452 3,630
2050  37.369 423 2,168 3,044 3,844 4212 4,704 4583 4467 2854 2417 2012 1465 1,175 0.041%  45.6 3,437
M2k WAL | a—h— FZEBORALL | J—k— R
INT A== 0.011% 0.051% 0.018% 0.010% 0.003% 0.004% -7.5% -8.9% -7.7% -11.8% -28.0% -32.3% -55.4%
(4) AN (15~34/%) DEMST A—Z—% 25 fFc Lic ity
2020 44,303 743 3,907 2,858 3206 3,758 4378 3,766 3,161 3,490 4347 4407 3,678 2,603 0.040%  49.0 6,474
2025 43,127 705 3,650 5263 3,635 3,408 4,072 4,051 3430 2918 3,077 3,131 2,985 2,800 0.040%  46.7 5,745
2030 42,723 663 3,466 4917 6,050 3,827 3,686 3,768 3,690 3,167 2,573 2216 2,121 2,579 0.040%  44.9 5,478
2035 43,043 629 3,267 4,670 5,653 6,243 4,089 3,411 3,432 3407 2,793 1,853 1,501 2,095 0.042%  44.0 5,173
2040 43,722 573 3,101 4,402 5369 5834 6,509 3,784 3,107 3,169 3,004 2,011 1,255 1,603 0.044%  43.7 4,879
2045 44,171 549 2,824 4,178 5062 5,541 6,083 6,023 3,447 2868 2,794 2,164 1362 1274 0.046%  44.1 4,538
2050 44,330 529 2,710 3,805 4,805 5224 5778 5,629 5486 3,182 2,529 2,012 1,465 1,175 0.049%  44.7 4,296
iV 314 WAL | a—h— FZEBORALL | J—k— R
T A—=Z— 0.013% 0.063% 0.022% 0.013% 0.003% 0.004% -7.5% -8.9% -7.7% -11.8% -28.0% -32.3% -55.4%
(5) 2000=05 SEDLEAL/ST A—Z—ZH V5
2020 38,272 325 1,322 2,003 2,709 3,853 4,486 4,792 3,560 3,989 3,725 3,830 2,104 1,576 0.035%  49.8 2,118
2025 34,511 308 1,235 1,805 2306 2,995 4261 5100 4,893 3,786 3,014 2331 1,484 993 0.032%  48.7 2,005
2030 32,643 200 1,173 1,686 2,112 2,577 3,356 4,800 5,186 5,145 2,861 1,886 903 668 0.031%  48.7 1,913
2035 31,201 275 1,106 1,601 1,974 2386 2,918 3,832 4875 5401 3,888 1,790 731 424 0.030%  49.2 1.807
2040 29.497 250 1,050 1,510 1,875 2,230 2,732 3369 3,899 5,063 4,081 2,433 694 312 0.030%  49.7 1,702
2045 27348 240 956 1,433 1,767 2,118 2,554 3,188 3432 4,066 3,826 2,554 943 271 0.029%  49.8 1,587
2050 25,161 231 917 1,305 1,678 1,997 2,426 2,981 3,252 3,590 3,072 2,394 989 328 0.028%  49.7 1,502
M2k WAL | I—Fk— RO AL J—k— R
ST A=FZ— 0.006% 0.021% 0.008% 0.005% 0.004% 0.006% 0.007% 0.001% 0.003% -24.4% -37.4% -61.3% -73.0%
(6) 2005=>10 HEDZEALIST A—2—Z VI H G
2020 45,782 397 1,733 2,821 3,449 4204 4897 5162 4756 4871 4,662 4,076 2,736 2,018 0.042%  49.7 4,160
2025 47,664 377 1,619 3,052 3,829 4,046 4,973 5827 6,598 5936 4,606 3,105 2,054 1,642 0.044% 489 3,925
2030 50,211 355 1,537 2,851 4,072 4394 4,726 5788 7,050 7916 5613 3,068 1,564 1,277 0.047%  49.0 3,768
2035 52,210 336 1,449 2,707 3,805 4,644 5,037 5447 6,860 8,173 7,486 3,738 1,546 982 0.051%  49.7 3,556
2040 52,914 306 1,376 2,552 3,615 4341 5295 5719 6395 7.845 7,728 4,985 1,884 873 0.053%  50.4 3,356
2045 52,349 204 1,253 2423 3,408 4,124 4950 5985 6,617 7267 7418 5147 2512 952 0.055%  50.9 3,143
2050 51,052 283 1,202 2,206 3,235 3,888 4,703 5596 6,894 7,442 6,872 4,940 2,593 1,197 0.056% 513 2,957
M2k WA ] O—FR— M2 EBO R AL \ J—k— hZER
INTA—=F— 0.007% 0.028% 0.021% 0.016% 0.009% 0.010% 0.011% 0.015% 0.014% -5.4% -33.4% -49.6% -65.5%

(BRD  THEHBAMRE FR27T4E] « THARORRAG AT CER9ERER) 1 | FEEHEG]
() - HERHTIE AL E B,
< OEEAEERE . SRRSO TR (175%, 226%, ...) CTHEM Uiz, £z, FEBER7SRL LICZ77% 2 H TlD T,
TEO E AR D EREL (75~795% « 80~84i% + 85 LA L) THH I NS FHEH IO RDNI Vit %%,

FMFR I EiRS 25 19 2% 155, 2020
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5, MEHREBOMFZHET RV > Z 5 FEUVK
HEOBABRBRELED, SVHBZ ALY OFIC
HOTHEELE LTOMERFEDY 27 ZEmdTWVHH
BN ELRNWT EICE S,

LT AT, D ERideEzZ—DE LG TH > 72h.
BEL LU TAR—R7 — A TOMBR] O #EEHE 5% Fig. 6.
Table 4 IC7" 9, KHUIBD 2015 FERNHHEZ 100 & T
IBCHZ LY REMTTZDEILFET. 25 KL
FOEBERDIZEALETI—F— FELRBP< AT
AD T8, F5EUZE 2030 41T 41, 2050 41T 20 & M
KK T g 28 E Aoz Glc, FHEERIIRS <
%) Fiz, HIb - MES2EZ FEl> TK T %,
—J7. BB OIEEUE 2030 4E 95, 2050 4F 80 & 9 Ml
OHTREMFINNE VL, EFRFERZEEIES 55~
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64 K TOWEME L, FfEkoZ < Ta—k— M1
NI ANTH 2 ENMENTVS (ZOhb b,
EYERE ERT ). ROTE TN E VDI, b
HERWEER> TV 5,

T OHIERIHERTHFE R 1T B < FTEEDZE(/ ST A —
R—ZZHNEGEETHO MO DOZ(/ST A—2—
ERHONEHEGFHSREIAELLDOES, iz, LD
H 38 T VR R D A B P R A E HEF S 10 ARREZEDfE 2
<, HUITHEF L TE 100 AEEOHAMNEUR .
HERHASRICIIH L OFENEENS P, TT T, Hl
I X > TEEEOHERR R I D B LW IEHEF IR
ERDGB T L EERTZICEED D,

3. FEROEFEM R E RO RE
3 BEDER S EREDIER

ARETIE. 2030 F L TOEEMFEREZIET 20,
ZTDEZ T Z RIS NTH L,

AMBEEOTFRT BN DN TIE, KB TFH TEER
MEMOTRERCMHGICHET Z2EHOR@EL] » &%
PR« MRERAGHE ] OSFEERE L TAiENEERR
WLERLTE R (3T1E 2006), TFEDWIZE T, T
{€ (2006) (FFLAK - BEFTIEOFTAAEH T TV 2 HEH
L. 37fE < P (2012) & GFPM (M PEY €T IL)
WKKBYIal—aVERz2zHOCTHARDKEY
HMORKTMZIT > Tz IEAR - T (2015 &, DEK
DFHEBN S KB AMEFEET IV ZER L TEHT
WMEFF>TVB,

E N DOAM T 1E 2000 FERLIE, EPEM SR O
1K S0 KR [ PE A A T8 D R ALK iR A D Bk
EHEEM AR, AROFTBEEHR & Vo fo, Rk EIZH
ZEENEITLTCE T, T, AENA AT AFRBES



A

Table 4. FR3EGE T HO HURMINTAHE S5, (0155 3 THETHIT, 2020 LB HER D

(HAL D N)
P 221 Jt s Hk JerE B o i plin-3 F [ 3] JU
1980 146,322 16,363 27,867 6,449 8,124 22,303 15,357 14,442 12,023 23,374
1985 126,343 14,525 22,514 7,189 7,256 19,228 12,559 12,758 9,599 20,715
1990 100,497 10,273 19,022 5,405 5,868 14,464 9,743 10,776 8,241 16,705
1995 81,564 7,525 14,293 4,557 5,307 11,933 8,967 8,273 6,463 14,246
2000 67,558 5,978 12,168 4,194 4,654 9,612 6,705 7,241 5,194 11,812
2005 52,173 4918 9,329 2,811 3,631 7,632 4,902 5,221 4,607 9,122
2010 51,210 4,850 9,490 2,990 3,320 7,310 4,000 5,110 4,310 9,730
2015 45,430 4,380 8,410 2,020 3,370 6,620 3,760 4,110 4,040 8,700
2020 40,227 4,014 7,346 1,512 3,375 6,031 3,575 3,381 3,817 7,690
2025 35,603 3,747 6,313 1,114 3,301 5,484 3,389 2,908 3,608 6,830
2030 31,912 3,551 5,414 829 3,213 5,045 3,215 2,576 3,407 6,183
2035 29,166 3,415 4,753 616 3,120 4,670 3,004 2,333 3,219 5,787
2040 27,051 3,304 4,246 504 3,007 4,340 2,755 2,125 3,001 5,552
2045 25,184 3,182 3,851 441 2,867 4,006 2,515 1,950 2,748 5,346
2050 23,446 3,018 3,494 400 2,696 3,688 2,297 1,810 2,496 5,134
(2015521002 L 72650
2015 100 100 100 100 100 100 100 100 100 100
2020 89 92 87 75 100 91 95 82 94 88
2025 78 86 75 55 98 83 90 71 89 79
2030 70 81 64 41 95 76 86 63 84 71
2035 64 78 57 31 93 71 80 57 80 67
2040 60 75 50 25 89 66 73 52 74 64
2045 55 73 46 22 85 61 67 47 68 61
2050 52 69 42 20 80 56 61 44 62 59
EERE G
2015 51.8 50.8 53.1 50.6 52.4 50.5 51.1 49.9 54.7 51.9
2020 51.6 49.3 53.1 50.2 54.0 50.6 52.0 48.7 55.2 51.2
2025 51.0 48.2 52.5 49.2 54.9 50.5 52.7 47.4 55.7 49.9
2030 50.2 47.6 51.5 47.8 55.4 50.6 53.2 46.5 56.3 48.5
2035 49.7 47.8 50.6 45.8 55.8 50.7 53.5 45.9 57.0 47.6
2040 49.4 48.2 50.2 43.9 56.0 50.8 53.6 45.4 57.7 47.2
2045 493 48.9 50.2 43.0 56.3 50.9 53.5 45.0 58.2 473
2050 49.2 49.4 50.2 423 56.3 50.8 53.2 44.6 58.5 47.4
FEkHEGHTH WSS A — & —
(CoE1. i INu]=9)
15~195%  0.005%  0.012%  0.014%  0.000%  0.000%  0.007%  0.002%  0.017%  0.017%  0.010%
20~245%  0.025%  0.047%  0.086%  0.035%  0.005%  0.026%  0.010%  0.040%  0.074%  0.053%
(7T 2l WMEEEBORNT—FK— M AOk, ¥4 F Al 1 3—FK— FEER)
25~29%%  0.009%  0.053%  0.017%  -33.3%  0.004%  0.010%  0.003%  0.031% -11.8%  0.017%
30~34m  0.005%  0.052%  0.012%  -15.8% -42%  0.004%  0.011% 77%  -17.9%  0.021%
35~39  0.003%  0.032%  0.014%  -17.6%  0.000%  0.007%  -19.4%  0.011% 0.017%  0.004%
40~447%  0.004%  0.023%  0.000%  0.026% -3.4%  0.004%  0.001% 2.1%  0.040%  0.007%
45~497% 75%  -18.9%  -11.5%  -28.0%  0.000%  -19.4% -83%  -11.8%  0.051% -1.6%
50~ 547% -8.9% -7.0% -6.6%  -30.4%  -25.0% -3.5%  0.001% 2.7%  0.013% -17.9%
55~597% 77%  0.003%  -17.8%  -68.4%  0.002%  0.006%  0.008%  -22.0% -6.0% -0.9%
60~64i%  -11.8% -8.1% -6.0%  -52.9%  0.005%  -16.3%  0.003%  -37.0% -8.8% -13.8%
65~69m  -28.0%  -35.1%  -18.8%  -32.6%  -16.3%  -29.7%  -283%  -452% = -22.2% -30.0%
70~74%%  -323%  -46.2%  -27.6%  -36.8%  0.001%  -13.1%  -30.0% = -48.8%  -42.9% -41.8%
750 E -55.4% -66.7%  -56.5% = -57.6%  -50.0%  -61.5%  -68.8%  -56.8%  -26.4% -57.0%
(BR) THEBAFE] SE, EEHEE

G

WXy DS B LA - BY - IR - B - BRI - ZEHEORERE L, MR AUNCE® I,

*2015F X TOREB L TEHIKOMEIE, ZNTNERBRNKEFEROEGFTH . Mtk T 2
BEEBDINICHET BEND D, TDDH, REMESHEFOEDEGEHE—HLEVEDND S,

* 20204F DARE D e EHERHE & UG HEEHE O GFFHE. FHR_EOFHIC XD —B LW,

T awrsEATE

ey

o

S 219 % 15,2020
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DI FINVF—FHANFEO ML HEDBICED, KM
e 2L TH D, ARMFTFEOFkZ FLsdicid R
M RIZEZEMZ N,

Z T TCAMTREME A AEE LT, MAZZDIER
MofFEE e Zollmi s OMFRERD ., Lo
REMELICEANERE N THZRHE L TRMOKRFEE
DORBLZIFT, CIhoEEMEELZEHT S &
& UTze SO NIRRT & Dg Bt
DOFENICLMFE R EHM LT, XDTOEEIILTH
A

COXIIC, RFETHS HEMFTFEZ., FHEHC
KOEHINZEOTIEERL, B ETHEFEOHM
EFDRE LICHZBHENTFETH S, 5 BEDORERHE
TR, 4aBOHEEHOTHESNZAMMBE LD
Fyv IR RINE T LIk D,

FELOMME. SO EMNEITET 2030FFTE
U, RMEE LA ORRZ RS %1C1d 2000 LR
D E VT2,

AMFEIE, TAMFEHRE KB 2K a2, 4
BHBICHEBDENEEZSND THM M - TER
) - TZDMAM 1Y Z—F b Lz TEMER
HHAM), BXC VT - Fu TR TR ©
3D, RELIETENZTNREZITo Tee TAM
TR I XE, 2017 FORTFELMAIZ 8,170 /I m?
T ZOWNRIZES HH 2,640 T m’, )V« Fu T
A 3,230 5 m’. A 1,050 75 m*. 2 Ot A #4
440 H m’, LWz JEAR30 5 md. BEH 780 77 m?
Tholeh b, BMAREHRM. VT - Fv THHM,
BRI ORER LI 5:4:1 5%,

32 BMEIRERMOFTEDETE

X9 "WMEWREHMICHINT 2 EmdkeZRETd %,

THR « #hE (2012) I XU, EATHIHAI NS K
M RZBRL) O 70% DSBS A TN TE D,
BMERERMOFTETEES CoBmMIcELENT
Tl RboNS, o Fxfhimit & U T M2
Fonzan (K 29 FEARMEG GRMokEARKETS
FEHEHE 2018) 1 K AU, 2017 £ [H A & Bk 5L H
fi & 946 J7 m* D 5 b ARBM MM - T ATEHHM 107 )7
m?) . A B O HEAREHE LS. KM ORTFED
5 BE B AT I ARIHR 20 2, 8 AEHRERM O
EREEENTERZITE E L,

A TRk, @il RELFEELIEETICH
FENZH, FEROBEE TIRMMEO S B 7 8 2E
EHEH D (TR THGEH (FE 52 E d R R E R
FHATEE) I X% 2017 FOFES TIRMED 5 B HiR
WIS HA M T, ZOSBEECIE78EH/Tm?) T &
Mo, AFTRERLE LTREESE L2 SE Lz,

ZITT. FTHBREEE LFH. BRUOARMMAEHIC
BHROFENARELORBEL AT, TNb & EMAEK
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LM OBEFEEOGRZRD, TOHMKRZMELT
M EREAMOEEMFZFEEZHETS I L L L,
W (E 8 LR O RN RS U, A%
BN L ZRRRINTE, THFEE., THRET
A L= omn— BMEET0 Mk + 2%
B Vo BERRICEDSE, RERZSH LT
FHENTVD, BETIE. ATEBEEUZEA (2016)
RN - BEZAER - S Ay FERODHIC
£ D 2019 ~ 28 FFE &2 M 60 /7 7 BRI 2029 ~ 33
30 HEBHIEE THL TV 5, ERBEEZLA
(2016) &, ZERDS B _RINFETEEHEHHATE
T TZofoFE) OE 75 WLl EH & @& T
| L7 aoTile LT, FrikdEEs LR D 2026
~30FEFEZ 52 HEFELTW5 (Fig. 1),

o, MOFAERPFEZHO TS RSN 5,
TR A7 (2018) IZAT & U CREIHAEZ B
L. [EEA Y 7 OFEFEEL - 4 H GDP IREFR &5
BHIR L LT, 2030 EEZ 60 FRETRLTWVS ',
SZEURI VY —F & ayy L7 > (2016) &, #
BFRBS VT — R 2 W HEEHT L DL 2030 )T
Z60.5 AP ETHIL TS,

—Ji. TNH X0 EVTHIE LT, HARKREWIZEHT
(2018) 1FBLHIZENE &k U 7z E @i K D 2030
T 8T HF LR ia b 2 AR, = ZR G
At (2018) IIBFBYEOHTHEZ 13 TP ELTWV5,
HBHNE, BUFOETERE T8KHBOTFEE LT

140 T \
A%I)E%I%%ﬁ(ﬁﬁ)
120 N/ \1
100 j‘: /\/. a B A #8587 (2018)
.0 |

80 | 7A(- ' ==
\ *~ (2018)

60 [ETRER 7 F AT

i MURC (2018)

40 | (BHZAM?) —(2016)
EE&E}P j—li
. | |
o o o o
o — (o] o
o o o o
AN (o] AN (gl

Fig. 7. Biax{iE4s LB OHER & S Ol
CERED BIFE - IR [FEE IR
. BB O TR HARE 018), =%
Famr (2018), HPAIEEWE (2018). MURC (=%
URJ VY —F & a7+ >7) (2016).
TRERARR RIS AT (2016). AT IFHRHF (2016)
BB L TEEDEX,
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b TEE Pl (2009:284) HMHERIT 2 IR S
BEE< AL, BERMICEESE IAEL 2SI NS T L
EFEZDBNK D,

ARTIE, B3 LD TRZRHHATIEE L.
2018 FFICFER SN FRAEEE LEFBO T (B HHR
iF (2018). HARKHF (2018). =ZEEMF (2018)) D
M AfEE LT, 2030 4EIC70 H i e EdT 5T el
L7z,

RiT, FEE LB TAMBEHEZIRE DT 5K
WHRORRIC DOV THE Uiz, FiikEEsE TRHICE
FBAEHRIE, 2008 £ F T 40% B THER L TE D,
2009 FELLREIE S LR BEERDNRAD T 5 TARERD
FWFREENREICHER U2 ER, 2ER0ARERIT
50% B REANLER L, ZO®%IEEIEWICHR LT 2017
13 57% TH - 7z (Fig. 8)o

KERHZVEREFEE LOTHE. HEOHS
NEVWEITHB VY, SBEFERFEOHEGNE
FNRIAEREE EARDTFHINEDN, —HTIKTT 3
AREE BRI S N T W5, R - Kl (2013) (&, #6
HERAD NTERHAARERICE 2 208 HIRIRICE
WTaH L. TN O TEEIG I & ARG FAL T OfH
S, BEROABERIEIFKRTETZLEOMRERT
W3, NEIFORMICEE T 2 HEmFAZE Z 208 U Tz Ak
(2018) &, FWHNEVIFE, FRBEIBOIMRIEFEE
EREFEZEIRT ZANOEENZ N EERHL T
W3,

AFTIE, REROLITZRIHAS TRV EHIEL,
2017 FED 56.5% MR E kK9 % & AHE LTz,

T, WMEREAMOBRFERLEESE THEXT
ARERDBIRZ RD T

2000 ~ 2017 FOMEHEZ WV, HEEFOHICEKD
DUR o #edt Xz 1572 19,

100.0 60.0%

REFE(FHEAR—X,
BERBE) SN

90.0 ~\ 50.0%
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Fig. 8. 45 LAETOFRIRMR & AGROHER
(ERD 8 TG

M EREFAMORFEER (7 m’. 0
= 1.0181 X5 LRMER (A7 m’. HEO
(7.7053 **)
+ 0.4564 X R (FHN—Z, 70 — 0.4676
(2.1745 *)
(B aRFtE, ** 1% HE * 5% G5 (BIERE
%5 =0.9285, DW=2.1955)

HHZERE LTI, B2 TOFHRK D BRI,
WEHRIIKRAENR—A KD EFHRN—ZADIF 5 BIRE
BRBNBEP oI, il Lk ek, FEETE
FHHZE L 5D, IEFEEZ T O TSRS Tk
DA DIGE, WMUEEZ ZTHEE) & ARERZ
P E Ul Hist b ik A 72, YR RNE 5 Nk
hoiz),

MBHEOREOME (2018 ~ 30 4E) 1. {(EEE LK
THIREIZ 2030 FEDAEME (70 F3 ) I &K D BRI L7z
HBHEOFHIC 1 FY72 0 FKRmAL (2017 40 80m?/
FERHEMERCE L) ZFCTHV, KEHRE 2017
D 56.5% Dk LT, BHL Tz,

ZLT. NS HAMoEMRIGEBNIC ERLTE
D (2000 £E 23%. 2017 4E 44%) . 5B LMEIT 2 &
TELT, XAUSTKD 2030 FEF THIL 2,

AR (%) = 0.0135 X (PHEE—1999) + 0.196
(B IETREFREL =0.944)

COEMTIE, 2030 FOHKMFIX 61% ICE T LR
TBHILILED, TTHRFEOHMBE LA, BHEE
BN 2R TENEM - GIRICEWTHM D 5 E
FEMANDIFRRHEEDNEA L ROEXDNTH O, 5%
& FADKEIT 2 LIRS ARV, 7272, MBI (2018)
F 10 EZBDOZE LT TEEHM O EFEM G 6 HliE
ZIRLTEBD, CTTTORELEIMNTEHNTII W
WEIHTH5b,

DLEX D Tk [ pE b OB G W ST A 5 e
[FRFTREE X HiaHR) THEIL (b, #EHHE & 52
EOEAENETZWE S, 2017 FHEGHE 2 FHEEIC
HHRyTHE L) (Fig. 9. Table 5), T DT TIE.
2017 FEDFRFBEE 4,130 /7 m® & 2030 4E1C 3,010 /7 m?
ETHAITHH, AR LAICKD, EEMTEREZ
2017 4E 1,800 71 m* A 5 2025 4£ 1,870 FF m® F T L.
ZDHIZHT T LT 20304 1,830 T m® L5,

3.3/0UV7 « Fv THRMOBEDEE

AW F T ORI AR 9 B2 Hd 5 L&
N (BEAMF v T TEER 2012)0 AMF v T D
T - BEROLEFEFIMIC KRELS EAES NS, ZC
T, FROEE)SVT « Fv THMBEICOV T,
e IRAVEEEO R UICE DWW TRAM O A Z S
Di-RFEEEHFI L., TOEMBRZMELTCHRELZ
5z,

FMFR I EiRS 25 19 2% 155, 2020
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Fig. 10. #- B EpEnt, KPR OHERE (~ 2017
AR EARLE (20184E~)
CERD TSR eshreiial ). EH5H
&t

[ N R - BARAEPE BE . 2000 FEARIZ R 3,000 /7t
BTHR L TWID, FXIRIBRID 2009 41 2,600 /5
t \IEBIAS . DIBRIEFEKEE TR L T 5 (Fig. 10),
HE - RO FEEIZ, DO TR GDP & HFIMIcZL LT
WY (o « 75 2003). 2000 45 LU I 2 O B FR A
b, [HHREADOZE(L & FEEREDOZL I - H
WRICEEZGAT05 (FEHS 2014) LiEfENT
Wao SnEBNC ., B RS ER - 1% R A U sk
T B—J7, WAEAEERINCHERB U, IKIE RS - R E .
WARIMF FOFEZE FITHEEmIcHd 0 (HA R
5 2018). MHEHICKODZE(EDAMIEEZ > TS,
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Fig. 11. 7YV Fv THMOFHLEROHERE (~ 2017
iR ALE (20184E~)
(ERD TAMTHaL . FEEHEE!

T T, M RO EERORROMEIZ, AT
WESRITPEEEE (2018) D 2023 EF TOEFERE L
(FEIZ R A T X 2.6%. WHIE T T R 0.7%) 1Tk,
2030 4F £ TH UZED i< & RE Lz,

IOVT e Fy THM OMTE LA - KA ER OB
RiE. HHFIHIIC X 2 B KRS 25 R L. 2000 ~
17 FEOMKFHEIC K 0 LU OHEGHE R 2572 GEAER A
ROBEIL 10% BRI, TDFEFL LK),

POVT  Fw TRMOKREER (H/ m’, M0
= 0.9607 X #{ - kA ER (A m'. HEO
(5.3286 **)
— 0.7487 X HHEFIFAH Cof#0 — 0.0409
(-1.84, p=0.086)
(B IEHERE =0.9256, DW=1.7379)

HARF I 64% 1L TRAIGE DOV T NS £ &
N (CER 2018), FEkofEld AARSHGES S (2016) O
BI1F% 12020 8 E TIZ 65%) O HEEIZIHWV, DA
E—E & HE LTz,

IOVT - Fy THM O BRHEIE. 2009 FLAEE 16%
B THBLTEO, FEREMAUKELELE, &
finy- 7AE (2016) (& B PN BRS¢ C & B L BER AL -
TOFEHFFORE AT H 2 DD, kI > T 5)
TRELNGZNELTNS,

PEXo, EHESVT - F v THMORNROFEE R
T HRFBEXAKE) TEHLEE T A, 2017 FEME
D520 5 m’ M5, 2020 4F 500 5 m’, 2030 £ 460 /7 m’
AN E IR BHE & x> 7z (Fig. 11, Table 5),
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3.4 MM OEEDEE

BRI OFROFEIE . KENA A< AFEEOH)
MHRE LT,

[RMFTFER ) TIE, 2014 EEDSEHF v 7%
W72 WG B U Tk OF M ORB M. % )
WKmztet Dz TEEM GHRrM)) ELTERELTH
. ZTOEWAEMEIC XS ET 2014 4 180 J§ m* »
52017 4F1CiE 600 /7 m* NEAEL ML T3, 2015
MBI TRENAS A AT Z)VF—FHSm#EE »
FpE N, REMENAMFBRRICKMEINE XS
oz,

PR O F R BEE TH B ARENA A AFEBNR
. 2012 FFICFAE T 3V F — [EE A% EHCGHIE (FIT)
MR EN, 2015 FITEKFHAARENA Y XKD
IO EIUAS I NREEEBEOR T WFRITbNT &
T, L TE, 2017 i, KAHARBENA A<
AR DREREIX 49 77 kW, EIEZFHIA L EHAR
HIE 337 kW &b, RERRICHT ZEARREDE
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T Excel DV IVN—ZHEHA LIz, TDOYIVN—THS
N2 MO EARRE IR T N RWVD (FEED 2011,
R ROF SR ZMT ISRV FAZ— 2L
BIEHEOIE LT, 24 eEONEMIBEENE K
L7z,

SR S NTASR T W E DX IS 2 KB E 7 —
2 D7 (Table 10 D (15) 17) EW TN E 1% AT UL
FoTED, INHDREMEIEAHZVEDD, i
WEN =T ZRENGHEI MR ON LB BN,

IFTiE, BoNizT—205 5 EEEDICDONT,
BHESCRRO M7 £ & Hifigd %,

BONTHRFHBERE1VELZDICTE L. ANTHK
B EE £, (Table 10 D (3)1T) Tld 10~ 11 fif 0.50%.
12 il 0.66%. 13 Hnfk LARE 0.82%. YIHERI(R ((4) 1T)
TIE 5~ 7 8% 10.9%. 8 ~ 10 Wk 3.3%. AR (5)
1) TlE 8~ 12l 3.5% &> T, . KAMES
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X% (Table 10(12) 17) 1& 0.24% EFIHE SNz, A
THARER R RS ((6) 17) 12010 ~ 14 4EF1 38,900ha T\
AN LHEREEARICH T 28 & 037% L7200 b - A
il (2012) HMHEZ L7z 2002 ~ 07 EDH 0.3% (1/366)
R LEZKETH > Tz,

MR R YIS -FIH & & 18% H1S 547z (Table
10D (9). (10)1T), HEH (2012) &, KHURREMA
Feb/FATHRNETEEREDS THEBKE=100
X AR+ (200 — RERILR) ) OBFRAZEN
THEO., THICTAKBKE30% 24 TiEH 2 LM
IfRRIE 18% LEIAEI NS, £z, FAH (2018) &
ZHIFBORMKHERID SRR O ARBR AR & MR
MEROBMFRZRLTED ., AU KAUSAREEKE
30% D& OMERBRF TS T 10 2 %, M
REMMD T 20% RE L Z>TWVWD, T THEME
MRERIZ, TN D OWEIC LT,

MY 72 O ERM A, AN AR K (Table 9 D (g)
F) TlE 2007 4F 324m*/ha /2016 4 390m*/ha IC, F]
AR ((G) 4) TlE 50m*/ha A% 60m’/ha & 7% % f5 R H
BoNnizh, TNHlE 44 THRNTzX S TEMEHE
BERERE ) 5155 N3 EhnE N 2K E L TR
LizdDTH5, UBHKOLGE ((h) 5D 1. 2007 F
32m’/ha Y 2016 4F 46m’/ha il 7% % L H I SNz, C
NFMDTF—2 L DEBRMSEET LICEHINS(X
RN SREENTZEDTH S, P —E
ZAE U Tz RIS R Tld, 132m*/ha DENE 5 N7z
(GHFDe B, IEMAEEEGFTHERY) ZHVTE
BHERH U 7oALY 72 0 SRR RS N THRER K
T 2007 4F 435m*/ha, 2016 4F 524m*/ha, [A] U < FJH [
X T 111m’/ha, 135m*ha TH>7=h 5 (Table 7 D (g)
D). 5 NTARIEHTE TR 40D 3, BE TS HIC
LAk 570, [EHRE D — MR 7 204 28 P S 72 Y
LIz dThiE, COTREOERNE LT NG
JROBN ] OMEY 2 D BERDBEX D/ NET T N
EZH5NB 0, RIMOD 132m¥ha 1&. TARMZREOHN
I K% a0 mi Y 7z D &R (2007 4 133m?/
ha,2012 % 139m*/ha, 2017 4F 144m*/ha) &V E 75>
W3,

FIHHR G, BRI E UM EARE LU TR L 72 R
I DWNT 57% HE SN (Table 9 D (q) 51). HAEF
U7z B % 8 TR E i N THERR « RAMER
DRI 65% ~ 85% THER L. 2010 ~ 14 4190
74% T > fz (Table 9 D (p) 5. (r) D)o FIH KD
FIFI#1X, Hiroshima et al. (2018) ¥ 7 —XDEF 5Nz
DL LT 67% ZHEFTEHED, T THRIEMEIZT
NEO/IET Vv, ANTHERICOWTIE, 80% &R0 Lk
B 2FHBDHNLENZHINZ K AZIT 5N 50 (G
MRIEARGHHRFZE 2 (1997) TIX 1978 ~ 83 FED AN LHK
EMPE R 81 ~ 84%., FFk7Z 82% L LTW3, #&
PRHEZE - B BERE R > 2 — (2017) (S AEHEF]



26 FHAA

Rz, B2 XS E R 24 ~ 26cm Tl 82%. 28 ~
30cm TiE 85% & LTV 53)., K 24 FEE M - R
FIE ) (PR T 2013) TIEAF A LM 50 £ FAKOFH
KL LTT5% ZHVTED, TTTHELNHEITIEV,

B AR AR (B o 2RI B&OE
B) EME - BEZNZTNIEOVWTHELTARS &,
MDA 2011 £ F TD 40% B H 2012 £ LLEF I
60% GNERE EFL, MHETH 30% 5D 5 50%
HitE A\ & FARRIC ERADBIZ SIS (Table 9 D (ab) 1],
(ac) 5o TOZALIE. 2012 4F D ZRARFEEE F ] i) i i
ACES FIHBROERNEDNIZE D E R TIWE
%9, Hiroshima et al. (2018) TlZ 2012 FEOREG D
FIABHE MEE 2RI DOV TEIROREGHD
ZVIHEEED B SN D REEY) & 46% EHEE L
TEH., T THIEERRE D,

FIGARA (Table 9 D (2) 51 & 44 ~ 55% OHER & 7%
D, 2010 ~ 14 FF0F 49%., [ U 5 RIEMRE ((aa)
FD & 16 ~25% BXU 19% & x>z, REOFEK
RERTHEEIZEZCERE OIS N TRV, #
BIFERMNRLTWSHITIE, HRRREHRMAT (2017)
1 2010 O HEEMRE 59% B 2015 FEFTIE 76% & 1
FEMICH B L L. — /T TEHARR (2015) 159 3 HIFE,
A TR B MOKE S A E B (2014) 3 13 2T %
VL. RO R MOKE SRR E TE & & > 2 — (2017)
F2HBEE LTS, PORHZM SN, HES
2011) BV E— by I TF—=2EZHOTINEAE
BT O N TR RIS 59 2 PG MR EE R A
FREE L. 2002 FLIBRIE 30.9% L ME LT3, C
CTTHRLNTHEMERE, BRSO E RSN UM
ERVWERSNZHEILEOFICMET E2Nh>T 9 &
o TW5,

DEoXoic, BonicT— 2 ZBEREOME %
THETZ2EDEH2M., LW HEE>TWVEEDE
H5, MELUIMEREET — X OB %R & # L DIE D
TIEENIEEDTHEH., THRMBEROEN | L
B E 2 V2B D TREEGMICE S NI R e &
Z., INBHZ210~ 14 FOEROFIREHEL T,
REEDFFRHEFHFFICHN B T & & L,

47 FRBEHBEDOEE LEZREICE T EIMEREE
E DL
MEEMERD S5 B Ml 5 YRR E TORTES7 1)
B, TARMRER B OR 22 12 S0 0 FE BR BT M B i 9 3¢ 1F
FETRRE CEK 3043 H) 1 (BREFT (iR 2018) 118
Foni NIz, PES (2018) IZ& 5 > THE
KA BN OMZEIERE 2 RE U, #imikon] O ik 7z
D NLE7ZHRE LT (Table 1), EH/THTIE. Bbi
iz ea>r 7T, TNEEHIRRIC X 2 N TEH]
2RE Lz, TO5 BHfN D SERMEXET (1 ~2
W) OFTEIEEE, (ERE 74 AH /halcH L, &

Table 11. A TRl 5645 O i 255 i it

EE A
(AN H/ha)
ik IEH “#h
Hln H7 Aif A
| 29 Hh At A 12(%%%%,
(25004 /ha) a7 7,
25004~ /ha)

38 RFAI(s[ED) 23 FMN@EED

2 7 BRX 7 BRIK

REMK
(/=)
5~12 6 (ImI#UE IR 6 (EICFL)
iAE % Tk
i)

(ERD [ ARMERE R 2 S R R
WREE i 3 (3 TR CERB0E3H) |
(HREF P 2R 2018) & HLICEZ R E

FIRICIE 42 ANH /ha &R 4 DR 0REE L TWVS,
B, BUE. MBI OMED B TlddEMka R -
(RIS T 72 D fHA DR I ED 5N TB D . i
ZE IR SRR (2013) T, (R - flEFk O —H
VERT AT LT K B MM - Ak X RHIL. o> 7
G IS K DR . A EE ORI KD
1 35% FEEED O A MHIEATRE. & OWFFEECER AN
NTWVW3, ARTHELEZANEIE, TS ORRE%E
KU E7m> T\ 5, e, WAL Z k5 31K
EEMRE RSN TV SN, TRKROEIE, a X b
HIRR AR, &G 8 0k B S A D RS I DWW T+
IRAADBE SN TOERWIRTL (KRBT 2016b) 125
D, FERKAEBEPREROMBELEDOEZ EE X
SN, AR TEATE RO FEE LTHET S
ZriELAV, Lo TARRETIE., A1EICEITR
DIMEREREEDSTVWERET S EE LT, &
72, FERFEUEP AR EURFICIDDHERED
HHEEZONE D, BBDOFRHEE (5.4) 128
WTIEFATES ) 2 ERIC s 2 T2 588 E L
7zo

AR & R R O B 7l & &, T304 P B
IR IS K B H MR - RGO FE M4
PEVE (HIEPENE) Z2 v, KM 7% F6 R
PETE > TEHM Uz, FROIMAELIE, BHXK - 1
REeBBEANWERPEREINEZ NS, BH (2012)
WKL TE5HBE AN EE L, LRENZ
HBZ 2%, 2050 FOHEREEEZ 20 ANH /m®, B
EREMZ 12 AH /m? EAE L 2V, 2017 LU &R IE
WM Uz, &3, S EDOFRHEGHE 1 1] 5 WAL TTT
I8, 5 FEMFEEEE - 7z (Table 12), T ORET
3. 2010 ~ 14 FFFEHOEK 5.6 AH /m*, FIFIRK 3.8
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Table 12. £{K- BRD M pETED

HERS & REsifit

SRR CUNED

i Bk Mk
e 1 il
2000 3.6 2.3
2001 3.8 2.5
2002 4.1 2.6
2003 4.2 2.4
2004 3.6 2.1
2005 3.5 2.5
2006 5.0 3.1
2007 4.6 3.0
2008 4.0 3.5
2009 4.8 3.5
2010 5.0 3.5
2011 5.6 3.7
2012 5.3 3.7
2013 5.9 4.2
2014 6.3 4.2
2015 6.7 4.0
2016 7.1 3.9

BORL O 28 AR SR A E S
A PRI P £ i )

A

B R M AR
2010-14 5.6 3.8
2015-19 7.5 4.4
2020-24 9.4 5.6
2025-29 11.3 6.8
2030-34 13.2 7.9
2035-39 15.1 9.0
2040-44 17.0 10.2
2045-49 18.9 11.3
B EEROE

AH /m* i U, 2025 ~29 F1cid 11.3 AH /m’, 6.8
AH/m* &EZNZENRH 25 1.8 51 57, 2045 ~
49 £E1C1X 189 AH /m’, 113 AH /m* £ 3.3 6%, %
3IfFIC BT S,

T T T, wiffi LN E T — 2 5 EME
NZMERME L., EAREOMENTHERZLILEKL
TH %, 2010 ~ 14 £ F O 57 B) & & He kM TR
e s e, B O ~20m 190 5 AH. YR
170 5 AN H. FIABAK 190 5 ANH, B K240 5 AH.
7t 790 75 NH &7 - 7z (%48 Table 14 D 2010 ~ 14 4
DEZBR), Tz, NREMEEARTE] »5/E5
N3 1 NGz 0 ERBEHE 210 H 2 2RV THES
BL 38 ANERBN, 2010 « 15 FEFEBAREN S FEH
ETND 2010 ~ 14 FFEDOMEREFHE R 4.9 TN (2010
5.1 5N 2015 4.5 JF N B RO Z B L
THEzEL) LHEXTHRV, ZOHEE LT, H
BEICB T ZMEREECR BN oHELT TH
MIEHE ] & THOR - @ - M REdE ] oftic, 1'%
DM DMENEHZ 12 N1 ERTR - WS TAETENS
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TENETFENS (2010 F. 2015 F DB E, Table |
S, 1272, 2 BOMENREROIRMEI T, C
NOWEE NI B TRER#HL LV BRI EEZ, [Z20D
) ZESDT—HTHE-oTz, 2D2HELT, 1 AYkD
EMFFEHBN 210 HEK 0 DRF R, sy s

SELIEANBEE D L2 kickb, 272, TH
B & DIERLEEARTIE ] THRitET 2 MEREE
HICRERAERDPHZ LI EZIC WV, 3DDDOHH
LT, FREOATHEBBELD L LD DOREICE>
TWBAHEME, £z LRl TRGE U7z Fn s il & 13 o)
ROMETH D, fAPHE L, KITH. AR &
EMMDEREEDThVWT ENEZILBNS, TNHIE
KO REMN R IR THEITEENE ST, AT
FEdEhoTz,

JeR. ERABE TR SN2 MERFEEIT I AR
ORERFRNICKZEDT, FBEHHRE —HT 5L
[BS&EV, 22T, BUROATE I @5 & MREEREHE L
BHERETEREND 2 E 0D, HIRICBWTHIGE %
KdbeHizl, FRfEFIcIEZNETNZREILLT
ZOELREBLT 5T & T, Y EE & RERS
HRORNZHGmT AT L& L,

5. TERHEGT ORGSR
5.1 Fk#STOAEEBELIET—X

ARETIE, 4 B THEZMEEBEE T — 2 2 v THRM
BIERERUC EED ROR O ARM ARG 8 & MEEMERE DT
T EEHFT L, 3B TCHELCEEMFER L 2 &
THEGI UTeMREME R ER R—R T —ZABRUHEE
ZALIST A=K —T5[& LI REE) L DKMz
Bt d %,

T — Z OBURMEICIE 2010 ~ 14 £ T %2 W, HE
RO Z 2015 L LT, 1 5 FCHEGH L 720 BLIK
ELTIEORHWIHAM &5 H0, ERFAEIC K B ME
PEEHEEUL 2015 FEDRHT DTz, FOHERD 5 /%
Eolee MENRRFTR - AMEFEER - EMEENICD
WTIE, BEOME (MEMEER TR S FELZOMEE
FRIE AR CHEI) 2 3% 40 TF U THW (Table
13),

4 B CTHEFH U 72 BUR O RMAAG & & AT 257 B & 13,
HEHE L OB THIE Tl b I M, %BE TIEPFICH
BOEND B2, HaHHR & EEMFHE R - HREN
FHEBOLERIE R TR, BIRE 100 &3 55E8
TLg L7z,

HEEHIL Ty —AZ2E L, MBI AMTFEEE T
B9 2782025 ~29FFTe L, £9. 7DD E]
DA HF D) LT, 4ETEEEZOEEHL
THERI U7z IC, EEMTFER L LT3 HTHLM
E (DAUR, THEFE]D) ZR7ET &5 N THRE R
Rz LG OmE B2 HEG L (HEEF2) . [Hk
IZ 3.5 THLD L7 RARGIMEY OFE (2014 4F - 20
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IF - 25 FFDARMALAG & H O R O =48 72 KR Ml L.
2025 FELARR KA CAE D RRGE & 0E U T i Rz 4F
T UTe, DUT. TEHEMHYHRE ) 2Rk a2zt
U7z (R 3) . T 5T, #EGE 2 TIIEHE D AT
TR LU THET BHEIE G-, ZOREZ
T B =G TR S 2 TROME & LT, EME
EEMEIN B2 E 256 (HEGE 2b) & FHEMEET
ZEIFRT B0 E (G 20) ZEAR LTz,

¥, MRS EE O EMNHER 2R % -
&, HERF 2 12 DWW TIE 2030 FELIBEE A UK IR D
i T % LHE LT 2045 ~ 49 F DM F THERF L 7=,

FHEFE DS RIE Table 13 ICEH Lz, LIFTR. &
ML & PR THHEEHE R 2B B,

CTT. [0 E] THELRIET EARMFTFRIC
BT 2NEZHEREL THBE R0,

MEMTEEBIZ. 2010 > 15 EDOEAIST A —&K—
WHkRE L ET Z X=X 7 —Z (2010 ~ 14 F£7% 100
Ed B L 2015~ 19 489, 2020 ~ 24 £ 78, 2025 ~
29 . 70) ZZHW Tz,

EEMFERE, THEFRE o6, BMAaRER
ME 2030 4% EEE THEE70 HE - FAM OB
A 2017 4F 44% H> 5 2030 4F 61% F THEMRH EFH &
DRGED FT 1800 H m* BEWHERFE N, ST - F v
T M E 2017 4 520 77 m® A 2030 4F 460 77 m® Nl
U, BRRI IR FIAARE S A A < A 788 % i O BERE
REMN 2021 FEE TIKEAINSBETICEKD 2017
600 J5 m® HY 2021 4£ 1030 T m* NN L T, &b ¥z
MRUETRE] 12010 ~ 14 422090 /7 m® A 2015 ~ 19 4
2900 /7 m*, 2020 4E & & 3400 /7 m® & AE L 7z (2010
~ 144 %100 £ 9 % L. 2015 ~ 19 £ 139, 2020 ~
24 5162, 2025 ~ 29 4F 162), TRFHEHYTFE ] O
BiE. TARAR « MREELARGT I ) D7Rd 2014 FED AR
fa 2,400 J7 m®. 2020 fFEHAE 3,200 /7 m’. 2025 4 4,000
Hm' 7 HWT, 2010 ~ 144E% 100 £ 9 % &, 2015
~ 19 4 135, 2020 ~ 24 4 168, 2025 ~ 29 & 191 &
ME LT,

REEKBEEH T — 2 O CTHET 20 & LTI, mikl
IR TR AR SR P E D 5k ne LT
DT, NTHEHAERR D ER kI X 2 B K mEOHE
e, mEL7ZDERBOBVRENMKENS T & T,
AMBPAAEIT LI NICHENT 2 2 B0 AEATWL
b. — /T, YRR SR DA LT &,
FFI AR UHERZE S K5I %,

EMAEEMIE. 2010 ~ 14 FEOEK 5.6 AH /m® - F)
FARIER 3.8 AH /m® %2015 ~ 29 FEicid 11.3 AH /m?
6.8 ANH/m* &, K245 - W18 fFc LAT A Lzl
FE LT —H. BHRICDWTIE. TERE ORI #) &
DEETEHIMEPET HVHEE Uiz,
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5210 E] OBE (#5H1)

B 20 x] THEITZEAELLT, 4ET
BT — 2 2 ZDOF FHV., BMIEREIIREK
BIE U CRARHEGE U725 % Fig. 16, Table 14 1C/R 9,

AM S B, 2010 ~ 14 FEFEH % 100 £ § 5§15
BTRIZES. 2015 ~ 19 4F 114, 2020 ~ 24 4 121,
2025 ~ 29 4 124 LIS B0, AMFEERIIHEFE
FOHAIT 139, 162, 162, FHHiH S FTFEHO LG 1X
135, 168, 191 &7 % DT, 2025 ~ 29 4 DKM L4
EIFEFEON 4770 3, FHEHSTFEDK 3 75D 2
I UE B3R,

— 75, FTEIE &I 2015 ~ 19 4 91, 2020 ~ 24 4F
80, 2025 ~29 4 74 LHEFHE NIz, WA T B DIE. R
ELUTARBRAEEED EFH (B {RTid 134, 168, 202)
MEER DI (N TAREF RIS K 2 KA A8 &= 1E 132,
158, 179) % L[al b WK 2D (YIHE R
fHiE 69, 48, 36, FIARIKM B IE 94, 77, 57) T %
7T, FEBEED S BEMK (0~ 28k (d8hn
(115, 131, 142) 9500, kL LTREYT %,
UNEE, MHEREBHGI D=7 — ZADFEIE 89,
78, 70 EHERE T B DT, 2025 ~ 29 I AT EY @
DI 5% MAET BT LIk b,

TOXSC, HIRY b E ] THELEZEEA.
AP RIS EEMFEZRKE S FEO, FrEd s
B FEER T LR - TOPARE T BHG ko7, T
T T, AMEFAEROE MG, RETIV ETEEXK (R
ARG mEENEVER. XmEY7 0 EEN

(2010~144=100)
200

EEMEEEE
EEMEENRE
150
RtiE#e=
o ©
100 -
FrEFE=E
HEBEEHAA—RH5—R
50

2010~14
2015~19
2020~24
2025~29
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WIS A TR ER L7z e TECEBDTH D,
EFEMTFE RUEFE) X, BMAERERMO K%
DEHN LFR L WS REICH DI EMTH B, TD
FHEEAMMBHBEN FEDZ E VS T L. 52T
R (BRURABA) RO N TO N TR
R D ZL D AT K B ARM AR I, MEFED
e, T L EMKBEE LISGBOLDN RN, &S Fry
TRz DEF R %,
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Projections of forestry in Japanese society with declining population

1)

Kazuya TAMURA

Abstract

In order to make a projection of the future of forestry in Japan in a society with declining population, the future
demand and supply of timber, the number of forest workers and required labor were estimated. Forest workers are
expected to decrease to 70% of the current number by 2030 and 50% by 2050, as per the cohort-change rate method.
Potential demand for domestic timber is expected to be 34 million m3 in 2020's. Using forest resource and forestry
statistics, data necessary for future estimation were calculated. The wood supply amount and the required labor
amount were estimated up to 2029.The wood supply amount estimated by the felling area rate and planted forest
area by age class will be lower than the potential demand, and the required labor amount slightly will exceed the
estimated number of workers. When raising the harvested area rate by 1.5 times so that the amount of wood supply
could meet the demand, the required labor amount will exceed the number of workers by 10% even if the silvicultural
work was saved. It was calculated that it is necessary to increase the number of workers by raising the entry rate of
young people, or to accelerate the harvest productivity improvement, or to improve timpber utilization rate in order to
lessen the labor supply-demand gap. It should be noted that these estimation results were obtained by accumulating
various assumptions. Although the share of silvicultural work in the required labor amount is expected to increase, it
is expected that the required labor amount for silviculture will remain at the current level if the labor saving of 1% per
year continues after the shift to labor-saving silvicultural work.

Key words: long-term projection, forest resource, forest worker, wood supply and demand
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A2 TR, EBRNREHM ThbNcEmEERIC B O THRARDMERICEBRETH 2 EZIH S
MCT %728, BRIEOAJTHUG O X FEIE MM (EEA 100 4800, fEARE FREADN
30 ~ 52 M) At E UTHRIL 16 FERORERAR DK EREZ FAN, FEAE HEAROERKEH
JEiX. 0.80 cm/FELL TR OHEEK & ERENMZ N FICBIFTH- 72—, FEATIE 0.25 cm/
FLEN> T2, BEKEICDWTIEHFEAD 0.50 m/ FELLEERLELEOD, FEATIZO0.13m/F L
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THO., ERNEEEZ LIZEBRICENTE TEBAZEIICEEICHIFTSZLRIRNETHS T &

NRENT,

F—U—F IR RN, B AT

1. XTI
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E Tl 1970 48~ 1990 FFARUTH T TEEAICEFHD
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& GHIBR 1983, TN 2004), Z D/ EEHEZIEICH
ETBRGEEEZIIRTV E (KHS 1990, HH S
2014). & HIC EEARDIKERFFIC FEARNDEBGENH
HIEEEHFONZNT E (BT D 199, #iAK5 1997,
il 2004) . MEENEKICZ S ()2 - 2 1982)
Vo T Ay ROMETN TS, £z, FFEM
itk 7z BEMNICEE T 5 Mo MEE. AF - e/ FN
RS TR MR DR E FTIRIE LA ETHHMNHAS
nNixncehn, EEZNEENSEALAGHTH S &
Wo ZfERN I N TV 5 (IEAK 2012),
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5) AR IR TET ALY L AR TR
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TIHICFEAPKEL TV & NEAEKORESE
ERFELRD, XD REAMERMDROENE L
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I EEARBED 100 FE2BLAZ250DEHALNED, 5
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A 30 ~ 52 FEAED A F EWEEM BRIz x5 & U
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IMZPSMMCT BT L2 AMADHME Lic, A
FECIMAARDE M2 3l S % 728, HIE MO REE
DEVDERE - B & EEE B & OB R P e B
DZAL LWV T HEDIEEIC MIE I 8IS H Lz,

2. A& Tk

2.1 SAEH

AW O L B IR FyR AT @ R AT (kg
33°28'02"~33°45"30", BA% 132°53"44”~133°09"30")
DME—KDHET 2 AFEBEK GEER 600 m, —
e /) FEEE) THb, TOHIBOMKIEIZ AT
ELTHIBN, MFIEATTMIEIC BT 5 8755 H|
EFRIELTCEEEMRRDOOEDTH %, EIEHKIEKD
FERRIE . IR 13 FEICHERREIS K D I T HkD
AFHAZED ZF, VIARKIE 3000 A/ha THIFK L 72
TLICHE S, TD%. WAk, BT B B2 IERAED |
FAAT 40 45 (1965 ) IV AF, 7 XF, X
FRRAR U BMICBIT U (2SS 1986a, b, EIFN
WA ERFL RS 2012), KIS X NIE, EWEKIEIRES
NEHBOIL 2RO RE T, FRRNICHENAZ
B21DDBIRTH TS ETHD (] 1992),
M KOEREM® (KoM Z ZT) Tk, LEAR
DK ZRRE DR LA BIRFEARDOE R KM AEEICE
Rz & DD, LEARKEFEEZOZEMIC FEAZ AR
L. BENIUKEHETEET SR EHBELTE
7o CL2i 1982, ZED 1986a, b), DM EMTIX,
M ORFME O N - EMRNOCEREOa Y Fu—)b
ZHWE LIAFT Bk, EEAROMBKRFICH - T
EARICHEGEZ 5272 VWE S RO SNIZITANDE
FE 7R R 7 EEMMN R E 217> TE Tz (AR S 1991,
AR 2010a) . HIBMIERCYHIE W FIEARD T ISR
DDV NEARDORALZIT > TG R, HRINDICERBE
MEL, FEADPMHET 2% EORIKERER LN
ST AR CEZE S TH B (] 1992), HTE
TEHE A RFEORAE D 5T 2K TOENN
ERHEITEROVRY, NRRZRK S 7% E M EKMEANDNA]
RERHIH COEMEIT> T\ 5,

22 BREFHE

Ak U 72K OEIEMD 5 B LA 50 L o
AT BV T, 1967 £ 5 1972 FEITH T THE XD
TOREIN (L 1982), BEE THREL TRED
X N T3 KO-1, KO-II, KO-1V D 3 D& A%
DOFERE Ul ARWFEOEEMGABRHIE, PR
BEPUE S (Bl BRMAS S I ZE AT PU E S F) O 2B s
MR EEDNFRLERDREINTZE DT, YRHAE
M5 50 ENRGE L7 GBS 2017), &K O,
KO-I %% 600 m® (20 m X 30 m), KO-II A% 900 m? (30 m X
30 m), KO-IV 4500 m?> (20 m X 25m) TH B, KO-I &
KO- IZ EHRBEMEFED B RRDO & LT EFIA

ENTWVS, RFERD 2000 4F & 2016 I BT %k
i % Table 112739, 1965 4F (KO-I, KO-ID X
U 1968 4 (KO-1V) ICHBHRICRIT LT B, L8
ARTIE 8 ~ 10 FRIFE TAEA 30% mittORIK. HE
RTEAEER6 ~ 16% OMKZIT> TZE i, KO-1&
KO- B 2 WD 3 & KERMEIC DWW TIE 2k
5 (1986a, b) ZHHHET N, KO-I, KO-II l& EJEA,
HEA, FTERO=ZEMNTHD., FEARIZLBEADR
KPMTHONBBICHAL I N TE T, KO-IIIZDWTIE
FHEOWNDRORDEMTH D, AT TIE. HEMKD
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THEARE L THEDNTWIEAZ FERICED TV
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MO EEARKD &0 TH 2 (Table 1 DAy
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BARAEDON T FEATH > 20 DD HFFERDHK N
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HEFFHEXANB L UCHAEXMTIEDD %, 2016 F4
B 7RO/ E LEART 112 ~ 137 44 (—5F
93 ~ 98 FFE) . HEARIL 49 ~ 52 4. FEAWE 30
~ 49 LT H B,

NG 3 DDIHEXICHAR T NffAICDVWT, —
FEHA 72 R % 1995 FE~ 2016 FEDRIC 1 ~ 3 FFEE DR
R CHMEEROWMEEITo Tz, iz, M@ B TS
OWPEE ATRERRIRE D Ffi U7z, Bim. Bk RmE ol
WIKDWTIE, 1995 FED S 1999 FFE TIETIV—AF A
A (J1—=IV 5 A ZFEED . 2000 £F LA 138 5 5 f6f v
JEan (Vertex III, Vertex IV, Impulse, /N7 11 7 1 #)
Rz,

2.3 TR ERIf

BIEEDREZALDISZ— I DN TIE 1995 £ L%
DOF—ZEHVE (HieE FER Fig. S1-S5), — 4.
B D& N K B B E DR E#EE - 2 LEEAND
HOMNTIC DNV T, B &SRB TR ORNEZ 7 I)V—
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Table 1. 2000453 & T 20164EMERFIC 331F 2 bk it O bk HEie ©
ALK - e it SIS YA SRt Mo kAR
T - (*F) (/ha) A% (cm) (m) (m’/ha)
20005 (D FHIAE L R8RSR~ 9)
KO-I FEAR 121 67 92.2 41.7 597.8
600m2  HIEAR 36 333 25.1 20.4 161.2
TEAR 14-25 1033 4.7 5.3 7.6
(983/50) (4.9/0.7) (5.4/1.9)  (7.55/0.04)
KO-II FJEAR 96-107 56 58.1 29 231.2
900 m> léfl;‘fggi (—#577-82) (34/22)  (59.8/55.5) (29.0/29.0)  (171.5/59.7)
AR 33-36 333 14.9 15.6 473
FREA 14-25% 1889 5.8 5.5 13.1
(1311/578) (5.4/6.7) (5.6/5.4) (9.6/3.5)
KO-V %’%ﬂ; 115 80 52 294 197.5
500 m> AEE%ﬂ;) 33 1740 13.2 14.9 207.5
(1560/180)  (13.3/13.0) (14.9/14.0)  (186.5/21.0)
20164F (fhodFHAIE L FICERNTR:d9)
KO-I A 137 67 106.6 41.5 767
600m?  HEAR 52 150 42 30.1 258.3
TREA 30-41 667 8.4 8.9 21.9
(617/50) (8.6/5.4) 9.1/5.7) (21.4/0.5)
KO-II A 112-123 56 733 33.6 290.9
900 m> (—93-98) (34/22)  (76.5/68.6) (34.9/31.6) (188.2/102.7)
AR 49-52 244 28.1 23.7 175.9
BNEZN 30-417 667 10.5 10.4 47.8
(478/189) 9.7/12.3) 9.7/12.0)  (30.8/17.0)
KO-1IV Lﬁ ;i) 131 60 64.4 29.3 216.1
500 m> Aif%ﬂ;) 49 1580 16.5 17.4 328.7
(1460/120)  (16.6/15.5) (17.6/15.0)  (308.3/20.4)
DZEMDO—EBIC L/ FMEZ LTS, Ay IREAFE b/ FHDfH,
DKO-1D FJEARD S B, 20004ERHC s 5% L BHE AR L CO B EAD D - Tz, [FEEIC,
KO-NIDOHJEAR T20165EDBE DRI L TV 2o TS ZEFRINVT 2 LM MR/ NG &
531, Wit OMEEOREELEEZ WO CTHEAMRE (94m’, 042m®) EROMKY
MRITINZ Tzo AU U772 EM I PSS a2t & s ORI REICIE EENTHAR,
VBIERZETH B HBEET 2KO-1& [FREDMIRZHE Uiz,
b E DI JE i 72 DT 2 17 o Tz OLBEEFIZ TN RO, 288 RIGHEX Z W T —RIERRTE

TIEMDZRE), T, FEOMHTIZ. ISEERIC
MEEEH SR EMEADIEEZDEDZHWT, i
HZEBUCHEM () ZED 2B TLARETH B M0,
ROMIRMPBD0EME L T2 %, ARWIE TSRO %
BAICT BT, FORP 2 iRl g2 b g 1 5
KLUIEIETOMEREZHWS L Lz, £, W
A (KO-I & KO-II 1& 2016 £, KO-1V I 2015 ) 1B
2 HARADIEE DR ZIC DWW T, IREEIC,
Mo EE e - B - R - BEEBS X UBEER. 3
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BEEMRETIVCHIT LUz, MEER, e, BdE
WKE A =t AR & E BRI B 10 2 48
E LT, &6, FElofe « —RILRIBIREGMRE
TIVICHIE U T Z H LI (Tukey D J575) 12K D B
DR DA REEZMNTc, IE - —BALRIEIE
BRHRETIVOMITICIE R DSy r—Y Imed BX T
ImerTest D T Imer EZ AWz, 7z, ZHEEERIC
& R D23 — multcomp D glht BIE7Z 7z,
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3. KR
3.1 BEREMELBERE

P ER T LEANS FEARX THEL & & ITHINE
mA A5 N7 (Figs. 1a, S1Do 2000 4E LA O 7% B g
ERRERE X, EFEATO0.84 cn/4F. HJEAT0.83
em/4E, FEARTO025 em/FE A0, FERE EXTH
EAL FEATHERICE > 2 (Fig. 1a),

BT DWW TH B L, KO-1 & KO-11 O LEAi )=
ARO—FTIE, 2000 Faitk Tl —KEKE b
D0V L. BE5DEDRKEL AN, THIFE
WICHEHNBERRDEWNIC K S 8D EEZ 5N S (Fig. S2),
e EEE . FEARTO.22 m/4FE. HEAKRTO.52
m/4E, EEAKRT 013 m/ETH -7z, ERIE FEARX
DEFRICEVEERESEEZRLUEN, LEATIE
TEAREOEERZIALNT, HEAXD EHEICK
W R R & 7 o T2 (Fig. 1b)s

3.2 AR

EIREEE, Sl & U T/NEAR O 2 IS i 1 @
BREZRTEONTEN, BRICEEEZLHA TV
2B, BEERES om DL EOMEEKICIEE Uiz
79 (Fig. S3)s KO- T FEAREHEA L DB TE
REEDHIFADFEIZ > TWVWZE DD, WTFNDOFRERX T
LM OBIRICIEIAEEENA LNz, FEARTIE
HU i CTHEta 60 LT ORI & 72 > TWehY, HfEAR
TIEMEAR DX S DEMNKE L ZDHFIAEN 70 ~ 120
DI L 7% > T, FTRARDEIRLIC DWW T E R
MO S DENREDN SN, PREFVTNOHFHE
X & 100 L &R U (Fig. S3) . TBIRFEDZE LI 12,
TREAREHEXTHBEARTHERICKL, ALk o7
cens (REA — 1.01/45), HEKTIZFIREDK
TLTw AP RENTZ, — A, LEARKDOEIKILED
ZALIME I FEAREEELZZ RS (BEAR — 0.41/4F,
TEAK 0.17/4). FTEAOZ(LHEHEL YOS
BicHZ>TWirholzo eh b GRREAGMRET
U p>0.05). FERETEARDERILIZIE LALLM
LTWaEWZ EARENT (Figs. 2, S3),

(a)
& 15
£
1.001
L2 EEH
% 0.50- * KO
; A KO-
gg 000 m KO-V
ﬁ ﬂﬂﬂ 0.001
-0.50-
TExR dER LEER
e 2
(b)
~  0.75
)
E 0507 )
W 0.5 * KO-l
™ O A KO-
£ 0.00- s pi e
i;]ﬁ‘l; 0.95- | p<0.001  p<0.001 Iﬁ
TExR dER LEER
=]
Fig. 1. EEMREXICHB T 28O (a) R E S
BET (b) B sk D Lk,

MO ROOY VRIVEKHEX DO FHE, T
T —N— IR 2R g PO FALE 3 DD
HEX 2 ZmNR L UTIBIR AR E TV
D HFEEOHEE M, HEEHICHRED D 2 FEHE
7% p i & MR C/R9 (Tukey DZEELHED,

201
g 1.0 A
i HER
% 0.01 E * KO
B -10] . A KO-

' " KO-V
! 2.0
7 eemm,

-3.0

TR $ERK LER
e 8

Fig. 2. BUMHAIXIC 350 % % BER DI IR LA (i

D LEH,

KD H )71 Fig. 11SHED o

33 BEREBEREE

R B3R S & LU e R LD/ 2 — 272 R L
FEEMOY A XDiE N2 KWL T LOREEZEfEE
MHEICED > (Fig. 4, BEEZHEE T FEA
T0.11 m/4E, TEAKTO0.41 m/4E, EEAKT0.37 m/
FEEHEEIN, FEREEXTHEARE LEARTHE
I EZEEHEDN &N > 7z (Fig. 32),

it BRIZTEIR I & FRE. S e L TMERD %
Mt MO ERZ RTEONTEN TV
EH B, MEER S cm ML EOEMKICIRE Ui 1A
9 (Fig. S5), fEELRIX LEAK L hEAT 40% LU
EERRTEEIZ N> Teh, FTEATIREISEDENK
<, 40% Z RNl B ke A5 N7z (Fig. S5). MR
RELHEE I TEAT 0.36/4, HEAKT0.50/4F, L
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1.59

1.0 .
SEER

0.5- s KO
% A KO-l

] -

0.0- ¥ KO-V

p=0.001
-0.5 | p=0.001

TREA DER  EEA
B B

7 R AL (m/4F)

(b)

RN 2.01

Al SE=

-1—’% 0l DJ;JE_lz
* KO-l

0l A KO-l
W m KO-IV

TR PER LEX
FE =
Fig. 3. BUEMRHAEXIC I 2 BB D (a) Rilef 28 L

JE3 KT (b) kit BB 28 L D FLiR,
KD H )71 Fig. 11<HE9 o

JEART 0.79/MFEThH o 7eh. BB TEREERH DN
Mot Floo FTEAROBHERZHE T LN S
BEICHZ> TWhhholzcehd (BBEESRE
T p>0.05), FHEEOBMEERIZEAEELLT
WiEWZ EARENT (Fig. 3b).

4. BG

AHFEDREMR T T VT NE EERORE D 100 F
ZHBAZERERBMRTH S, LEATIIINE TOIR
fRIT K O VEARFEED 80 A/ha LR &KL Rz T &
7z& (Table 1), EEARFRTOHHOFLEBIIBMINT
WrEEAZLNS, —J7. HEARETEAZ. BHEK
D LEOMED D DHRZZIF 25 A FFIC KO-V D
K IIT FEARTEF T 1500 A/ha LLE & WD DAL
JETIE FEARLTEBAFAOHENKELLEZ>TWV3
LEZBND, TOME., TERO—HP FEARDE
REED 100 ZBA TIHHEICEL BB R EADKERZ
FTW3EEZALZ %, RtEOEBEHKIIHBWTE,
RIEFOFEAR, FTEARAZSHZEDOLIICEHL TV
WHRETH %,

4.1 BEERREEERE
i AFANLHROBEREKEDRHI & LT, HEHy
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DI 100 ~ 230 F4 £ TOHE i A F HIFHKROFHHI Tl
021 ~ 037 em/FDOERENERETH STz EN
TW3 (TN 2005), AWFZE & [H USRS O
AF -t/ F B ENGIC 96 FEMNS 101 FAF
TORERBE AR I NE, FEAOEREKE
HEEIE 031~ 057 em/HETH -7z GBS 1996, 2003
BREWHLRIELR) . RO FEARDERKERE
(0.84 c/4F) I TNHDOFF LB L TEREFTHD

TEMIDMZBHN, A TIEET SICHEARDER
WEHEE 083 cm/iF L BIFTH > oo HIEAR L FFE
FE D FK i O HE MO EH]TLE, AR O 39 ~ 56 4£48
AFNTLHR 10 #R57 OEREEEEZ I 0.11 ~ 0.81 em/4
THoTEM. mAHED 1 M3 ZER< & 0.11 ~ 0.48 cm/
ETH-o7 FHES 2011, AU @HIRD 47 F4 &
SO0EAEAF NTHMTIZ, ZNEN0.38, 0.33 em/ FE&
WEENTWS (FEAD 2015), TDT M5, K5
OHEFEARADERREHEINZDEVETHS LWV A
%, TOBHREL T, RIFFLOFMAE M TIIH MDD
5 EMRANDBATRENIC AR A 70 ~ 80 HE4ELL
LEERT, ZOAREESE 300 AK/ha LR EAKHET
Hotelzd (ZPES 1986a, b). HRNDEREEDER D
MTRAENTH T eBIFoNDG, THICHKELT
&, KO-1. KO-I @ EEARDNARBED 56 ~ 67 A/ha
EhR0EBETHBLTCERECLE, Mkickoh
JEARENIAREERE NS & T HBRENEIFT
HEARDMABRS S EA SN ENBELTWS
EEZOND, . RWUIFEOEEH TIE FTREADF
FHIEN 25 ~3 mm &5 XD BEEKEEEDHEx
0.5~0.6cm/fF& LT&E7 (L 1982), FEARDOE
PEAREEE (0.25 cm/4E) (X OHEE RE->TED,
HREE ORI Z TRE L THNONRED X 5755
HEDRBTRATH 2, HbDAF -t/ F MO
FHITIE,. LEARZRYNCEEICHEKRT 2 XD &K
DD IRL TIRRICVAREE 2 FIF T A FEAR
DERREFRENEE > EWREL TV (GEH
5 2003), THNEARTIED KO-IV O _EBMICHET T %
KR INETEDEMROHEZEDZ2LEND S,
EHIT, KO-1 £ KO- Z=ZEMTHD, Ko EMTE
KIS SN RETH D,

BE R EICDOWTIE., EERICEITBEANA SN
5500, PEATIERKE LR, BFaKEZ
U7z (Fig. 2), 2017 FEIC i & 172 KO-1 & KO-II
BB EEARKEE DO ZFKEIAR o HADFHNC X
% &, Bl 3 FERORMETIC B 2 HEDMEKE X
TR 0.20 m/AFEFREETH D . AWITED LA E
BREHEE (0.13 m/AF) KD ERREIFTH -7z G
5 ORI o R Y LR R 0 KO-TT O fE {4
IMEBIRICEENTVWATEDNHEL TS EEZD
N% (Fig. 2), iBD 96 ~ 101 EEDAF -k / F
BMROHHIT1E. FEAROB S E#EZ L —0.33~0.17
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m/AETH - 7z GEHS 2003, #HHS KREL), T,
A XM 74 ~ 79 FEDOFFITIE. EERDOZXFD
B R g Bk D EIC D <) 13 0.12 ~0.18
m/AETH > 7o L 1982) T XS ICHIDEEM I
EARDREREARGIE L FALIL . LEA O &
KEdi{toEmbASENS, iz, HEAKEFAEED
MRER DM & FEXD & b O &SFIRIC BT % 39 ~
56 EED A FHERK 10 M7y O m B EEE 1 0.1 ~
043 M/ ETH - GEHS 201D, EFFRD 43 F4 L
46 FAED A F HE T & [AIFE R O R & i i (K
5ODHAHD Ty $0.10 ~ 0.40 m/4E) DRENTWV
% (KK - 2013) 0 ARWFZED HEAR O 8 & b R
& (0.52 m/AE) NS FEEOHBEMROMZ Fal-> T
Wz ERRE & RBE. LEARD AR S D fE bk
REEDSED o7z Lic kD, HEARTS BIF 2
JREMFIREL IR B R Z R TETWVWa EEZA BN
%o —F. EEKTHED O RMIHEMN R ERZET T
BFIEEETEAZE TAEHI12E 0.20 m/AEREED
B ERENLTEE SO TS (A& 1992, TN
2004), ARWFZEO T AR DR & R E L 0.20 m/F %
R LS Tz (Fig. 2b). L7zh-> T, BEsEIC
DNTRMNAH CTRREREBEZHERLTVI VA
5500, ERERKERLFICHRXRZ BRI, e EFR
BEEEETEE, TEAOEFTIRWIE2MAE LT
LTHZLEZVHOIRNTH S,

42 Rt & R RE

AX ke v FRITIBV T, RN O IR E O [
T & & 78 5 KRR A O AR i & R R (kR
DR VIRTLF OB & BRI RS 2 A ) D RS
Z—2 5 (5 1983) . MR OHEEE T Tl & E
WK HERTHEZEREDK FARETVEREGFAIS T &
MTED, THICHDEMN (2004) 1F. #EI2T T
B E R EICHERERKEDK FARKEWERAICH S T2
O, HEKRO FTEREGERENEGZDPTVW Lz
BRLTW3, HEMKICE T 3R EKELEDMIZ
KOWT, FEARREREOHEAK L [, FEIRED
U ETREENELRTVWEEZLNS (LD
1983, Bl 5 2002), TEARTIE 110 KL Rick 3 L%
EILX BB NOBREHA O DBETRT A D EOME
Mbz GEE5 1987, LML 2014), £, LEAE
TREARDMERB G EEAROB MG, EFEADIIA
EEMINC EREICKD, FEAD LEAEOIE
BIERZETRICRIZTENTET, BREOEVT
EANEEHEEZFIRT VT ENEHENTVS (I
5 1992, H5 2014), AW OFHE# TH % g
WA ONTHRTEEEENREL TS (EH
5 1987) . AWFZED FEARDIZIRILIZF 60 LR TH D |
LEARICHT 2R EFEOGMRMLE I BN DR NEEZ
5N, —FH. FERKDOKEDE —HOHERDEIR

ix, wEnd 100 Hi#%ERLTED, FEAZIT
HAHEARTEXREOBEBRMENEH N EHARBEN
Teo Flz, RIRZLEEIZZ < DA, BMER (B
DfE) ZRLUTEH, KO-11 O FEATCEEEIntEm (Eo
) ZmRUTz7z® (Fig. 2). REUCEEREE O RE D24
FTHbd, COXIICHRLEDOETIE, WIFhOR#A
REHERE TERIKGEHE) XA T7DEWVIKEICD 5
LWVWZ B,
BEERICOVWTE., X HEKZIEKT 272D
DOHAEL U TRHEER 40% DL EDRAET, 60% IRE %
Higg T ehEE Lk INS (R 20100), ABFZE
T, EEAEHEARICEBT 2K (2015 ~ 2016 1)
O ERIIMA 40% UL ETH -7, LHL. FEAK
TRVWITNOFHEX G MORE L LEXEEERDOE S
DEMNMKEL BT (Fig. S5), BEAHBEKICE TS
B EROHEE L, HEMKO LEARICITEHHETH
LZH, BRSNS FEKRICIZEHTEX
WHTREMEDN D %, FTEARDEH WK E O ERKE
HEEEET S L., RO @EEKNEMERO ML S
HEF40% WIS EERHTIIES T, T HIEHWEE
HERNREIZ EMI DDA S, —FH. LERITK
BETHRELTED., ZOTFTOREROERKER
EALHBETHZ T Eh D, ANEOHFHEHD XS
WEYNICE I N EEARMEREOEEHR T, FE
KRICDWT & HFRK & [H] Ut £ 38 0 £ 4E 73 it i v] e
THA A5, Lo T, ERRFEO /DS AWIEDE
JER T LEARIZG TR MEAL H D REERETIR
REEMETE TR EEZILONS, MHERICOWVWTH
% &, KO-1 & KO-1I Dl £ O i 13 8 = & &
QRO =2 R Ui, FEARTIEMERE & 8
HOMELEF BICA 23—/, MEARE FEARTIEME
FREEFABREICHEELIERT 27D, MRELT
WINOMEE S BEER 40% REEHEFE LT ED
EEZBNS, LML, ERDXSICTTFEARICDNT
. RO T REMREO SN S+ 0 kiR (R
LT3 EEEF0HEHV, TRARDAMIF, EEED
DIEOVENERX SIS 2kEALNTz, 5T,
KO-TV O FERICDNTIE, MEEA(L#EENEOM
RO EEEDIEARER AR S5NT (Fig. 3a), ThH
LR oEERDK FEmZE 5 L TWazd,
KIC K BNRBEDEHBLFFOFMDRELEZEZ BN
2o

43 EEMEEDBER

AR OEEME R E L BICEEFTHL TE 7
E—KiZ. FTHEADEEZR/NRICINZ %720 KA
RFTBIC K BMNONRIREDOUGE R E ., & Rl
ZERE U N S AT HEZR IR D NI ARER B & RN DR BT IC
BlEE L7z EEMOEM 217> TE R (RS 1991, ik
# 2010a), EREARZT THRIHBERICOWVTERED
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Ledg iy BUr T, Bld B & 84 40% DL EZ2#ERE LT
WBHZELREZORRTHBENZB, LML, FEAXR
DEFIRAPHEARD - L TEAICASNTZ 100 2
2B EmWBIREEIC DWW T, S ROFEELRTD, 5 [FH
FRDIREEME S HINTE D (L 1982, ZHED 1986a,
b)), RfK%ZE & T 28 EOREERE XIF EEKN
WKITHEINEEEL TV T EERAES TR RV, A
JTHIG T, BRABEMAEEE I, HERER/N
HAREEEZHEDOOEDE L, IR E L & & Fiif
IEDFEE > oM i — DI Z BTz, TDizsd,
EEMTEARD X S G IREOEmWIKERICE H 2 1R
DOMENZEH Iz EZENS, LM LEDN
5., BRAIKFELMHNLUIZBETIE., TEADE
DZDEIBIFRRKEOR#MIE, KBEVAIRRE
HEMICBWT FERDEEEZH TS ETY A+ A
HicE>TW3,
AMBRTHELNTERZE LI, HEKGE - S8
KT 2ENEE LD THD, £, EEKPEADE
BAEEBE R ED BRI TH > 7zl DT (Fig. D.
ZOHENE LTI, LEANERICE > 2B THEE
MICBITL, MEEICHIFLTE R EHAEETH -
reEZLNTE (41 ERKECEEKEZZSK).
AR (2003) HEEMKEROEKBON E LT, &
W DB T RIEARZ AR U BB T3 5 72,
FEAOBEEZE R TE T SICHENMHBEL, F
JEARDHEFEDN K EEIC IR BRI Z T EZERHL T
bo TORICDWTIE MK E HEEMIE YA B D
KWERELTBO., s8R0 RICBEEDOEEMZ
AL T HIREN DD (] 1992)s L L. ABIZED
KO-I., KO-l DHERDEFIRWIIH TN TEDHS L
DDOEERICBIF 2D EHENZ B THAH
5, —J. FEROEFICOVTIZ, HEEKEOARR
100 Z#8 2 % mWIBIREE (Figs. 1, S3) R ETmEN
Xk, WITNOREBER & HERIREICHD LIEF
Wit o Tee DTS, HEIEMR D RHARA O filt 2 72
FLEI T, EEARDOHZLTVUAKEZEDHN
THEARICDWTE —AR—AROIREEFEMICS U Tk E
HEgnbh, M TRETHFEL XS, COXIIC
EEMEX T EEICENNRETHE bbb
DTIHIWPNZ T, AMFEOEEMICOWVWTIE, FTEH
D& R iR & BAEDSS I K 2 BN EHZ
EoTLTH, FEADEEMZMHERT 2 DIXIKNEET
HBHENREINTZ,
BEEKRE—FEHEROKEICEDOIIEEHEKD N T
ELTEKESNTERD, ZOEHEIIT SE R
HIBZLDTHO., HOFAREDRILA K HADM
KOBIGICH > T, SBEMIIGERL TN T &R’
UELWRRTH B LBV EWV, T (2007) I &
UL, RO, (1) KBRS SEBIR DO BN
M H LD E UL BV, 2) HO T EERK
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Evaluating the soundness of growth performance of planted trees
in old-aged multi-storied plantations of Japanese cedar
(Cryptomeria japonica) under intensive forest management

Kazuki MIYAMOTO "*, Tatsuya OTANI”, Atsushi SAKAT*?,
Takeshi SAKAI " and Shiro OKUDA

Abstract

We examined growth performance of planted trees in the last 16 years in the multi-storied Japanese cedar
(Cryptomeria japonica) plantations with the upper story trees being over 100 years old and the mid and lower story
trees being 30 to 52 years in Kuma district, Ehime prefecture, Shikoku, Japan, to clarify if planted trees can grow
soundly in the old-aged multi-storied conifer plantation under intensive forest management. The diameter growth rate
showed more than 0.80 cm/year for the upper- and mid-story trees, which was similar or higher than that of trees in
a single-storied plantation. It was 0.25 cm/year for the lower-story trees, which was lower than that of trees for the
upper- and mid-story trees. The height growth rate showed more than 0.5 m/year for the mid-story trees. However,
it appeared to reach a plateau for the upper story trees, 0.13 m/year, for the upper-story trees and 0.22 m/year for the
lower-story trees. The height/diameter ratio was lower than about 60 for the upper story trees, whereas it was from
70 to 120 for the mid-story trees. Median height/diameter ratio showed over 100 in the lower-story trees. This multi-
storied plantation can be mentioned as a rare example of good practice in terms of its high growth rate in terms of
upper- and mid-story trees, owing to a long-term intensive tree density management by the owner. However, the
high values of height/diameter ratio for a part of the mid-trees and most of the lower-story trees and low growth
performance of the lower-story trees suggest high risk of snow accretion damage and the difficulty of maintaining the
multi-storied plantation sound for a long time even under intensive forest management.

Key words: Non-clearcutting system, Height-diameter ratio, Thinning, Kuma district
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BXlcEFS 20027 (7IV778€,43v 30
BLXUTERYECI VY avn) OEBHOTIEGHE

dE 3T L Y R Y
7 B Y. BFLT SERER Y. NES B Y

s

2O N 2T, 7Y IuvA I Ty a vy (Tuber himalayense) &Rt A AU awvn (T
Japonicum) DN TARETFAMOMENLICE T 2 MES 21, WifEOE R HHORFMZHS M
Lo lEAMNE LU, TV 0L d T avadFEEM YA ) LRI TED
FEAEH G AR KBOT FREAEREM EBET Z2IEREMTO~5Sem BXT 0~ 15em FEET O+
AR L., T, L. MEYINL A ZAZBEE LTz, WiffE £1C 0 ~ Sem T T
P e MBS A F < AR A EIERETEVWVDED SNAah - e, mEORFEMBEO M (o-
15cm ) BMRAE DR ZHTHH, O Y a2 7FOMEmE R TCH Tz, 7770k A
AU avaTido~ 15cm EE DO LEO B2 I & A & IEREHOENIZEED S Niah >
2o —H. A AT T aTBTIEO0~ 15em S ORIV T La, RBERGA A4 > 2id 57
A TIEREM K D ABEICEN o T BTy avnR3 Y GHA S5 ~6) T, |BHICZL

55

WEEODIE S WMUFE T H B TREMEDE 2 ST,

—J. 7TI¥T7 a3 vy avadf

pH A% 6 ~ 8 THHEAIRIE M LA & &V S R S - 7z,

F—U—F BB BEMAEYINAA AL BEpH, £ B3V avn/E

1. IL®IC

A Iy avalgE (Tuber) EHVEFRIED F2EH
THo, BRTLEL LD 86 AR EINTVS (Kirk
et al. 2008, Bonito and Smith 2016), &M, £ RV 2
7 @ Perigord black truffle (7. melanosporum Vittad.),
kYU 2 7 @ Piedmont white truffle (7. magnatum Pico) 7%
E. O TEWVEAMMEEZ S DHEEH 5, 57 T EYH
MFEIC K20 HANTIRICK S &, HARICBW TR
K20 DRIMNICHEEZZ AT T > 9 7 08 E DR
TN TWV5 (Kinoshita et al. 2011), ZD S BH R 2
TTH27Y7oruvA3I Yy avn (T himalayense
Zhang and Minter, Kinoshita et al. 2018, L "7 1 k
Ya7) EAM 2T THBRyeAavavn
(T. japonicum H. Sasaki, A. Kinosh. and Nara, Kinoshita
etal. 2016, AR "> b Y 2 77) FEANSHTHREEN
R EN TV (Kinoshita et al. 2011), 7~V 27
X, # A E O TEV T melanosporum &7z 75 &
ZRE, R THAHMEPED T indicum E SRS T
512482 % D (Rubini et al. 1998), HIEFED 7 1
VaZ3HACEWMASNHEEIN TS (Kinoshita

FERZA)  wRvTaE e A s A FRZEL : HfUceE 12 A3 H
D) BRSSO AL HBBR SIS ek

2) AR AW 8T « L7 2 —

3) RAFEEBEZEAT JUN AT

4) TR EIIZET DT - ARAICE DB s

5) ARMEETWEZEAT HLSZ AT

etal. 2018), F7z, YO MY 2 TICEHRFDOEFD D
WENTWS (FIIB 2018), ThbDT b, 7
OrYa7&0bYa7EBHELTHETHD,
ANTREEZBEEIERADZENTWS ORT - b
2017),

AT a3 TaEONDRIDOREICDNTIE, &
B, 2o T FIRARFEEMIC IV T LR AR
BINZO, RIGEY TFIMAEREICHE L TR
AR EEINTD LT E . T melanosporum & 3 —
TR 7 AUAERETATEEEEINTVT, K
RO FIRFEE I K OG5 O ORI L <
FANSN TS (Hall et al. 2007), T. melanosporum <
DWT, RADFAEMO LI 7 I)VAV T, EMER
B ORI m <. ARRFL 0.06-9.17g/kg TH D,
CNLEiF 10cin <. BRIFAEMINEZ/RT (Garcia-
Montero et al. 2007), Z U TCRHEAINL T L,
P TR LBENEE THHE DDV Y
LEdig—icz <, WML T3 (Garcia-Montero
et al. 2007), AL ST, 7V AVET, AT
LICEATWE LEMELTWVWE EEDN, CN bz

* RRPRER OIS SLHBREE I SE I T 305-8687 KU D < IEHHROH 1
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10ICTBHTENHREINTEL, iokraIvray
OEEMNAS D%z STz HEEYZID RV IzAD
BWEENTWS (Chevalier and Poitou 1990), 11
PIEEPEIC DV TR, B TR Loflg L. 20
HOI)V FOEIEMES, ARELH LZ8 ERRE
IKEMRKEVE FREEFEMEES NS &V RED
& % (Alonso Ponce et al. 2014), — /., A XU TR
RAVCERT B T magnatum IZDOWTIE, N TARES
I ENTE ST RO FRIRFEEH D
BTERERICHELTWSDIEKREBAIVY Y LITEH,
pH7.5 L LT, ZILEATHAEDOEWTHETH S &
Hbihd (Hall et al. 2007),

TITICERTHLAT VY g VaERICDVTIE,
AR D LM OWERIE DI TH %o T indicum
KDV TR, FEOMIINAE, EHEICHZERMO T
RN BEN TS (Le Tacon et al. 2016), Z D
R, BMIEARCE S ZNRS. TRENES B E
T0hEE T, k) EERMIE NG <. KE o~
10cm THED pH I 4.5 0 5 8 DI (F14T6.68) IH >
T EME SN TS (Le Tacon et al. 2016), EHE T,
T. formosanum (Kinoshita et al. 2018 T T. formosanum
7o) aTeREEINTNS) EOKRED HET
DHFERENZD, BUEOHE HBICHKRZHHA LT
pH ZZ Z 121885 T T. formosanum WIXEERETH % T
EWHE TN (Hu et al. 2005), TOMEE T, 15
DpH ., REHEGHE. BRHIEGTHER. BLRUTAFY
B, BRUOMMATRERREDTIEFFITIEIEDNTHED,
su bV ZIdAHIG FHEGICHEIGL TV A T D
AR ENTz (Hu et al. 2005), ULAL. 7MY 271C
DWTAEEHO TIERAZRANTZHHNTDTHTH D,
A aTZEAKRTERODM S HETH O AERHO
T RN RHAE 2Ry, 7abh)aT, ¥
Or)a7DEET S HBREANOMREZED S &
. N LSRN O ICHR T 2N D 5, £
T T, AW TCERAERMO g2 E L, (1D b
Va7 FREDFEE L LB ERHEOIERELE LD
BoZHLMMCTREEEIC, 2) YRV 2T, YR
MU a7 DFREFEERE | WA R T 2O R
Mt (B RO FIRFEAE RO RS M) Ok Z &b
BT d 2 & T, 2 HOER EEOREZIH S H
KT 2T EZEMNE LT,

2. B X Tk

AEHDBE

FY a7 DTREKOFREDHEEEINT VS IY A b
AERME UTHE LR, 70 bV a7 D0 Tid
FLORUES, R, B2, REOBES A M, FL
Ty by a7 D0 TEMIL 3, Bk, =&, KB
DERH4 A P TLBREOMEZITo /20 IR, 7
Oh) a7V ERT 2 A M2 0 b 2784 b,

2.

—_

O bYW ERT AR A MR O R 2T A b
ERER, FEXERMR GRS MERERG Y X —
(2019) OHEKR (—LLAMER v2) IckB &, 7
O bV 79 A oML, Ml 2 eSS &R
TV, TTTHEmMLETEY I vicgEntn
TERECAIREDR L > TWVWAB T 2B Lz, ZTDIE
MO TH A MDDV TE, R A LE O KL IR
MHEREYI T AR, SoEE. MR, ZE. KBRISHERES
(EUEBEANLWICELENT W), Wil 3 78
WA Th ol FFHERREFEFKRITDONT, A5
I (2018) X0, &Y A FOREF D OFEJHTIC B
% 1981 ~ 2010 FE D4 Z 51 L T Table 1 I FLHK
Ulzo FAEHEA O 72 L HR A 6 K U R SORLIE %2
B <728, B OFEMR G HRIEEZ %,

2.2 TEDOFEAE

2015 -~ 2017 FED A S ZITH T T Lid D4 Sih
9 A FCTLERIETS Ty b ERELE, &Y
A FTTFREREZFTE L., FREDFEAED 5 HI DL
- THROONIHIIAZ IR FE > (LU,
FEAEMEWS) & UTRlER LTz, £z, ZOF4EMIC
L TOTRIE G HE D HEBEE EZA DN S D TR
WS NG - iz IEFREM e Uiz, 2N F
NOWRHOKEZ WY A MCEOBRE-STED, BX
Z10Em PS5 10m U5 TH - Tz,

FEEMTIE S MR DO FFHEEDEL T, JEFEERICD
WTIRAEDsHiSEICBVWTHEY Y IV EREIL
oo TNENOHIAICEBNT, 0~ 5em EIICDVT
E £ 50mm, & & Sem ORI M FE (DIK-1801, Kifd
HAET ), 0~ 15em FESIC DV TER 53mm, £
40cm O a7 Y > 7 Z — (Split tube sampler 041701C,
Eijkelkamp) ZHWT AR Lz, 9V 1 FDFAE
Hids K OIERAEMICB N T 2 MEOHED LBy VT
WZORL S THRINLZD T, &t 180> 7L T
Holeo RABHBKTEEL, MERETE M ZITS
FTWHE (4°C) THRE LTz, &, 0 ~5emEESD L
W|Yy TV S RMAEYT / LDNA ZHiH LT A X
T LR AT R o ek, FIRDIEE M TR
FHRALFR—DOBIETZ ML TE 50, JEFEF M1
TEBRHENTZVWT L ZERLTWE ORF5 2017,
2018),

2.3 TEDORIRAE
sabYazberab)a7OFRERIHELER
THAINZGENZVC NS, INL 2HOEIZ
PR ITEREBICER LTS EEZ 5N,
ZCTT, ERBREZHANSZHIC 0~ 5em FES O 11
THELE EWAEMNA IR AZEETSH L L
feo ZL T, TNH2HOED X DFEWVTHEAL H R
ZHMETETEDZRINT 2 E LTV A HRENLEZH
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Table 1. F&5Hh (1 b) OB

Summary of study sites

Annual mean Annual
Site name Place Truffle species Altitude (m)  temperature  precipitation ~ Putative host species ~ Sampling date Soil texture**
(O* (mm)*
Yamanashi Hokuto, Yamanashi  Tuber himalayense 900 10.9 1145.8 Castanea crenata 2015/11/12 SiC,LiC
Kyoto Kyoto, Kyoto Tuber himalayense 160 15.9 1491.3 Quercus serrata 2015/11/26 SL
Okayamal Niimi, Okayama  Tuber himalayense 560 12.1 13543 C erenata, 0160010 LiC
Carpinus tschonoskii
Okayama2 Niimi, Okayama Tuber himalayense 560 12.1 1354.3 Broad -leaved trees 2016/2/12 LiC
Hyogo Sanda, Hyogo Tuber himalayense 190-210 13.8 1239.9 Q. glauca 2017/2/1 LiC,SCL
A A Castanopsis sieboldii,
Okayama3 Wake, Okayama Tuber japonicum 150 13.9 1174.4 A 2016/2/11 SCL,SL
Q. myrsinifolia
Tochigi Nogi, Tochigi Tuber japonicum 25 13.9 1271.9 Q. s?rrata, 2016/11/21 SiC
Carpinus spp.
Q. serrata,
. . . . Pinus densiflora, .
Mie Inabe, Mie Tuber japonicum 100 15.8 1574.9 . R 2016/11/29 LiC,CL
Castanopsis cuspidata,
Q. glauca
Osaka Hirakata, Osaka Tuber japonicum 30-60 15.6 1342.8 Q. serrata 2017/1/31 SCL,CL

*AETEIAUR S EERKRIC OV TR, &Y A MR GIEWASTOBHIMLEO T4 (1981-2010) %25 1 L7c (KISIT 2018)

* Mean annual temperature and precipitation values for the period 1981-2010, measured at the observation point closest to each site,

http://www.data.jma.go.jp/obd/stats/etrn/index.
o SLIWEHET, SCL iyEhitt,CL fitE -+, Lic #Et, sic 2L MEhEt

** SL Sandy Loam, SCL Sandy Clay Loam, CL Clay Loam, LiC Light Clay, SiC Silty Clay

Z Ty 0~ 15cm E DT T LM 7& T2 2 1
EdHELEIC, WROMEICHETZ ERkRELTH
WrEHETE L L,

TEOMEEHEE LT, 0~5em FEES DY S IVICH
WTIE pH (H,0)., HESRFEGER, 2ERTHRY
5 Ufze pH (H,0) ICDW T2t 10g #HL f:+
LD, 50ml DOKkELSDZITIHBIEE S L, BT
DR TEMEIC K > THIE LT, TIERRETHE.
REZAGTHRICOWVTE., RECEEZR 2mm OffiZ@E L
THREZ U e L 7zadl i 2 - Tz sUBBEE THIE L
7z (Sumigraph NC900, Sumika Chemical Analysis Co.,
Tokyo, Japan), 0~ 15Sem R EICRI L T, HEZ L T
2mm D55 W7l Lzl Hic DWW, pH (H,0), &
REGHER., EEREIAER. B4 5 E (CEC),
LAV T L (Ca) ', ZHES TR L (Mg)
s, AU Y L (K & RS Y UL (Na)
|mZME LTz, pH (H,0) EEEMGE T 1« KER I A+
M T1:258 0, @kE, REETEFRICDOVTIE
0~ScmETOY > FIVERUFETME L, A
F R R 5 1d Schollenberger £ (L7 HIE LS
B2 1970)  SHERG A A4 > 1 ICP-AES Tt L7z,
REEF VT LEBILERLLT TH > 72D T, #igt
fRfiZtrb 3 RRIERTL LanT LT 5, MR
4 4 & (Ex Cations) I3 A IV L (Ca) &,
R~ Ty L (M) &m. KAV T L (K) &
DEEHEE Ute, SEHEBTRIFT G MRS A A4 > &2 [
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A4 URMAR (CEC) THRUTHEI L, £/ &
Mo ZHET 2 HETH 2 A IV T L
mERBER T R LEDLE (Ca:Mg k) &FHFEL
72o

LHIC DT 0~ 15cm LEY VIV THIE Lz,
B A FOFREMTEEDIRL 5 U2 IS HE
LI Uz 2 9 2 P DWT, HEY M E R
B (1982) ICHE U TR ZHlE L, EEEIC
Ko THIER D 2L LTz,

0~ SecmiEXDOY T IICDWVT, WMEMNA A~
ARFE (C). EMNA AT A%EHE (N) ZZ7aaR)V
L7 75 (Vance et al. 1987, Voroney et al. 2007)
THE Lz, BtV 7% 2mm O ZEL TOfE
T4CTHE L. I 5 12 HEAINICEZ T 217 -
feo B L SgMHY DY T TN 22 DHEL, 1D
& 25°C, 24 B 7 oo sk)l LERE 1T 5 72112 0.5M
K,SO, Z 20ml A T 60 /7R E S WM L7z, &5 —7
. JEERE LTHEBIC0.5M  K,SO, /AR & 20ml fin
ZT60 ke S WM Uiz, MHIMRIE T £ TIHBURTE
Utz ik O RZE D E &I A B &G (ToC-
5050A 7zl TOC-L, Hl8/ER) T, EEDOEHIT
Ja—AvYrr¥aY (FI-N50, ZZ{LZ%7FV T
7)) FrRE AR KEG (ToC-L., BE®EERR) T
Fizolee MEMNAARACBIUNIZ, HEY
T EFERER Y TIN5 0.5M D K,SO, A TR Tl Hi
TN C. NBEDEZEHRBTRUTHEIN Lz, M
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EVSAF <A C DZEHAREUL 0.45 (Wu et al. 1990).
INAF AN OAHREE 0.50 (Voroney et al. 2007)

& LT, BoNFMEYNA A~ ARE (O, WMAED
INA A RZEHE (N) D OWMEYINA A< X C:N HEE
Bz,

THOE B X TMAEY S A A< 2DV T,
BY A v, JEREMTHROELS Y T IVE
WE Uiz, UL, SuEOFEAH 1 s, JEFEAEH 1
HisSIZ BV THMAEY N A 4 = X C:N FL O FHEE A M
A E (EAEH 33,1, JEFEAEH 197.9) Z/RLTZDT
CTOMEIERY Uz, Lo T, SEOFEM, JEF
EHI DAY NA A A CNEIZDWTIFRROIRL 4
Thd,

2.4 fREHET

HY A b OFAER & IEFREROS RIS DOV T,
BOIKRL s OREM GLOMEDNA F < X CN L
WCDWTIFEDIRL 4) 2P U Tl 2 it gt ic H
Wiz, FAEMEIEFRAED T —ZFED n (VA1 DD
E7uabh)a 7 TS5, Yabk)a7T4Ths, ®HE
& JEFEEMD T — 2 HDIERMEOBRED 2D ¥
¥ - v 0 )7 ME (Shapiro-Wilk test) 7. 573 H(D
ME DT DI FME (F-test) Z17 o oo IERTED MR
E. FNBOBEDRER, LA LOREHH TEMR
HBIUCFEIBENRD N, 22T/ a”T
E. YO M)aTDOENEFNT, ML DH B —shliE
DM ZIT> T, YA b FHREFEFGROEE 2
ME Uz, o, EREERZIEESIEENEN N
HHEI DWW TIE N BEW 21T > T2 OB RERIC IS D H
B B 2 T o To0 W 2T > T2 DIk,
0-5em OWIEFHHTIE 70 M) 27D LEERE, 2
ZERTHE, 0-15em OWEHH TR 70 Y 270D
PERIFTAER. BAA URBAR, Y0 b aTOR
vy L, WEBNE TS > e, EHMEORM
E. FNBORE. SISO D % — Tl 77 8o Hric i
R (version 3.5.3, Copyright (C) 2019 The R Foundation
for Statistical Computing) 7z,

3. KR

33T av0RE 2 BOLEFEOEIR

2D N a7 ZFRThoRAEH e IERERIC B
%0~ 5cm QLM% Table 2 1/ RT, 7 MY =
TY A b Tld L pH (H,0) EFELEHT 6.4 ~ 8.0 (°F
Bm 7.2, EFREHTS5.9~79 OHFMPICH > Tz, §F
IR D2 7 32 F TRl 1, fil 2 OFEAHIT 8.0,
7.9 L EWHEHAICH Tz —. b aTYAND
+8 pH (H,0) EFAEHT 5.6 ~6.0 CEEME5.8), JE
FHEMTS5~62DHIPHICH T2, O 2T
Areoab)aTdY A 2T SE, pH (H,0) 1F
b a7 A N TERWEADD - Tz, REGHRE

8 RhY) a TP A FOFEHT 20.1 ~ 129.4g/kg DHiPH
KdHb (594 FEYT53.6g/ke). WEIY A FOED
YA S KO EmNEANICH 5Tz, YA R 2 TP A b
TIEREMT 17.8 ~ 42.2g/kg DHEIF CEEME 30.9g/kg)
KHotco RERGHRII IO N 2794 bOFEH
T 1.4 ~ 9.0g/kg DFEIF CFEMHE 3.4g/kg) DD, 1LEY
DENZNLN KO EEAIICH > T B MY 2 T7Y
A MOERGHERIIFEEMT 1.4 ~ 2.6g/kg DHiIP (F
Bl 2.1g/kg) ICHoTze LHEECNIIE 7T MY 27
A FOFEEMT 139 ~201, B R 27 A FDFE
BT 122~188 THH, WINnd 2B ETH -7z,
2O RN a7 ZENZFNORAEMEIEREHMICEH
F %0~ 15cm BB DL % Table 31C/RT, 0~
15ecm 1D pH (H,0) & 2R#F, REZEFZHRIZ 0~
S5em FHEDRE R L RO EMIND - Tz, FEHDH %
HHE. 7 bV aT7Y% A bTEpH (H0) 6.1 ~8.1
CEEE 6.9, > b a7dY A NTiEs50~58 CF
Yl 5.3) O#HIPAICH > T, FEAEMEE T pH (H,0)
Byah)adZP A Tcr7a by a7V A XD EL
EHIcH -7z, 7MY 2 7ICDWVTIE 0~ 5em 11
DR LIS, IO REREGHER, 2EXRGHR
BEhUNEZEWEmICH > T2, REGHRII /7O
MU a2 7% A bOFEEMT 10.4 ~ 127.0g/kg DH#IHHIC
HO, va bV TY A FOFEAEMTI.3 ~ 27 5g/ke
OffipllcH o7z, TEBONKEZE 7O ) 2714 D
FEHT 12 ORI L, B MY 2 791 D%
BT 105 ~ 145 TH o Tz,

FAEM T BEORA 4 VR AE (CEC) 71 b
Va7Y A FT69~473cmol/kg, MY a7 A
kTl 7.8 ~ 21.5cmol/kg OFIPAICH >z 7H PV 2
J.vuabyazeelc, ZEHEGAF T DEN TR
BRIV T LEBNEL, DVWTER TRV T L, Y
TLDIETH > Tz REEAIN T T LRIZDNTIEY
OhYaT7OY A TIEFEAEMT 9.6 ~ 48.7cmol/kg
(CE51H 28.9cmol/kg) T, Rl 1, Rl 2 TaEw @l
WHolee =N, YR a7V A NTRIEEHT 3.4
~ 3.7cmol/kg (*E¥{H 3.6cmol/kg) TdH O, FEAEH 1
EHOEYE UL DIAAVEN - {2 u B RN R/A /2 G N GE/au|
FY 2784 KO EWEIAITS > 7o, FEEHID A
PG A A > & (Ex Cations) 2783 kYU 2 7DY A FT
13 10.7 ~ 49.5cmol/kg CT-¥31# 30.5cmol/kg) TH % D
LT, YabVJa7% AT 4.0~ 6.0cmol/kg
(F¥31E 4.8cmol/kg) THO, > bV aTH A NTY
OhYaTHA4 X0 RWEINTH - Tz, HEREAIFIE
7 by 7Y A N TIEFEAEMT 66 ~ 732% O
PICH > Too ARAE DB ZZ T Tl 1, Fili2 T
100% ZZ CTH 0., JIEAIKE MO RA, S, L
FY A FOFEMTEZNTN116%. 82%. 66% T
Holzo —Ji. AR 2 T7YA bTRFEHT 27 ~
60% DFIPHIC D > Teo ZHMEAIV DD L &M~
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Table 2. bV 27 FFRAFEEN & JEFEO 1 E2ATE (0~5emiz)

Soil chemical properties in plots (0—5 ¢cm) with and without truffle ascocarps.

Site Truffles pH (H,O) Soil total C content  Soil total N content ~ Soil C:N ratio
(g/kg) (gkg)
v s 27 (Tuber himalayense)
Yamanashi p 6.4 (0.2) 129.4 (9.0) 9.0 (0.6) 143 (0.3)
N 5.9 (0.2) 124.2 (20.9) 8.3 (1.0) 15.0 (0.9)
Kyoto p 7.0 (0.3) 31.4 (11.8) 2.1 (0.7) 15.1 (1.3)
N 6.6 (0.3) 36.9 (7.4) 2.4 (0.5) 153 (1.3)
Okayamal p 8.0 (0.1) 413 (9.5) 2.1 (0.5) 20.1 (4.4)
N 7.4 (0.6) 36.0 (19.6) 2.2 (1.0) 16.0 (1.2)
Okayama2 P 7.9 (0.1) 45.7 (4.7) 2.4 (0.3) 18.8 (1.1)
N 7.9 (0.1) 42,6 (5.7) 23 (0.5) 18.7 (1.2)
Hyogo p 6.7 (0.9) 20.1 (15.7) 1.4 (1.0) 13.9 (1.3)
N 7.0 (0.9) 9.1 (5.1) 0.5 (0.3) 17.0 (2.0)
Mean of sites p 7.2 (0.7) 53.6 (43.5) 3.4 (3.2) 16.4 (2.8)
N 6.9 (0.8) 49.8 (43.6) 3.1 (3.0) 16.4 (1.5)
va hV a7 (Tuber japonicum)
Okayama3 p 5.6 (0.2) 17.8 (5.3) 1.4 (0.4) 12.2 (0.8)
N 5.5 (0.4) 20.1 (14.5) 22 (0.8) 12.8 (1.5)
Tochigi p 6.0 (0.1) 34.5 (14.9) 2.6 (1.0) 13.2 (0.5)
N 6.1 (0.5) 524 (18.3) 3.7 (1.0) 13.9 (1.1)
Mie p 5.9 (0.3) 29.1 (9.6) 1.6 (0.5) 18.8 (1.6)
N 5.6 (0.3) 39.1 (10.4) 2.4 (0.7) 15.7 (0.7)
Osaka P 5.8 (0.3) 42.2 (12.9) 2.6 (0.6) 16.1 (1.7)
N 62 (0.2) 232 (4.9) 1.7 (0.4) 13.3 (0.3)
Mean of sites p 5.8 (0.2) 30.9 (10.3) 2.1 (0.6) 15.1 (3.0)
5.8 (0.3) 36.0 (12.8) 2.5 (0.8) 13.9 (12)

sabkya7 7Y 7rsakA/3advyavn, yakad iRy Iduvaun
B A RO Y 27 FEEFEH (P) & IEFAEH (N) ORED K LSO FEME (22 %R

Values are presented as mean (SD). N = 5 for each plot. P: plots with truffle ascocarps, N: plots without truffle

ascocarps.

T3 LamdDlt (CaMglt) &, Y0 bV aTv A
T/ by a7 A4 KO EWERITH > 7z,

g0 b)) 27OV A MIBEBWTHAERMDO I E
g1 (sL)., whEfmEE 1 (scL), &t (Lic). v
MEE L (SiC) EWEIR o Tz (Table 1), ¥HE RV 2
TY A MTOWTH, FEEMTHEE L (SL). ek
g+ (scL). WE+ (cL). Bt (Lic). YV FE
L (Sio) RE LI ZR U, L (8), &
Wt (HC) & Fz i s LI IEERD b ah - 7z,
2FD MY 2 7ZFNFROFEEM & IEFEEMIC BT
%0~ 5cm O LEME AN A X C, LHER
BN F < AN, HEWEY NN A ACN 2
Table 4 I/, FAEHII BN T, HEMEY N A=
ACERr/uabrYad¥y A reabhYa YA NTE
NZFN 418 ~ 1069mg/kg. 315 ~ 879mg/kg DHiHIC H
D, TEMAEWNSAASANEGZO ) 2T AR
Yah)aTY A FNTENEN 49 ~ 157mg/kg, 39 ~
113mg/kg DHEIFHIC D > Tz TEMEMNA A< X C,
NE7abVagddsrkoyab)aTdd A0k
MENEANC B > Tz, FEAEMO TR N A 4 < X
CNItEZ7aryargdsbeoabaIdJYy AT
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FTNFN59~8.7 CEFAME 6.7). 7.5 ~ 8.5 CFHMH 7.9)
OFICH O, PHEEI T Y 2 794 b CTawvid
I_‘IZTJ&:EEOTCO

3.2 BAMEFEREMDIEN

+HEEEEcOWT, yakYaveyabkyay
DZENTFNT, MDD 3 Ll E 7 W Zi -
Tk 7% Table 5, 61C/"d, 72 hYa 7Y A RFT
iZ. 0~5cm O CINEE 0~ 15cm 1O AL
M7 xoy La, AV T Lz HEEB
WKHBEWT, YA METHEICEZZ Z EHAED LN
(Table 5), FAEHLIERAEHTRIVITNONTEEHES
BREEVIREDENEZN S T,

YA bhYaTdY AT, 0~5ecm TETRWVWIN
OIEHHTEY A FETHREEZTROSNEI > T,
0~ 15ecm T TR EEERTEHR, B4 U REA R,
ZHEA Y U L&, CaMg lEDY A Mo KD HREICH
7257z (Table 6)o NV 2 7 OFEMEJEFEMTHE
TEWHAD S T=DIE. 0~ 15cm O HEBEOAZHM /LY
T L, R4 VR, CaMg [k TH D, »WIh
& FEA M TIEFR A X D KD o 7z (Table 3, 6)
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Table 4. + Y 2 7 7RG & JEFE B 1M EYINA A< R (0~

S5cmix)
Soil microbial biomass in plots (0—5 cm) with and without truffle
ascocarps.
Microbial Microbial Microbial biomass
Site Truffles biomass C biomass N C:N ratio

(mg/kgsoil)

(mg/kgsoil)

7 b a7 (Tuber himalayense)

Yamanashi P 1069 (248)
N 1176 (417)
Kyoto P 556 (231)
N 673 (101)
Okayamal P 663 (160)
N 530 (242)
Okayama2 P 942 (99)
N 970 (320)
Hyogo P 418 (339)
N 163 (100)
Mean of sites P 730 (270)
N 702 (393)
>ua bV a7 (Tuber japonicum)
Okayama3 P 585 (149)
N 737 (296)
Tochigi P 315 (211)
N 501 (222)
Mie P 564 (202)
N 848 (423)
Osaka P 879 (166)
N 619 (140)
Mean of sites P 586 (231)
N 676 (150)

155 (34) 6.9 (0.4)
145 (53) 8.3 (0.9)
94 (35) 5.9 (0.5)
102 (18) 6.6 (0.6)
109 (32) 6.1 (0.6)
90 (50) 6.2 (0.7)
157 (18) 6.0 (0.4)
163 (63) 6.1 (0.5)
49 (41) 8.7 (1.7)
16 (12) 9.7 (0.7)
113 (45) 6.7 (1.2)
103 (57) 74 (1.5)
76 (23) 7.8 (0.6)
115 (50) 6.5 (0.6)
39 31) 8.5 (1.3)
75 (41) 7.0 (1.2)
74 (26) 7.5 (0.5)
109 (45) 7.6 (0.7)
113 (26) 7.8 (0.6)
80 (27) 8.0 (1.1)
76 (31) 7.9 (0.4)
95 (20) 7.3 (0.7)

ryak)a7 7Y 7oakv/3uyava, vak)ad kAT vy avun

BY A SO MY 2 7 FEEFAEP) & IR O/ D IX Usi GLEOMEY
INA AR ACNIUC DWW TIZRE D IR L4s) O REERE) ZRT

Values are presented as mean (SD). N = 4 for each plot for microbial biomass C:N ratio in
Hyogo, N =5 for each plot for the other observed values. P: plots with truffle ascocarps, N:

plots without truffle ascocarps.

FHWMAEYINA A ROV THISDH % — et E
NEAW 2 IT o Tz f5 58 7% Table 71C/R9, 71 MV =
T A P TIELEHAE NI A AC. N, CN LD
ETIEDNWTH A FMETEREEDNRD LN, A
e IEREHTRARTENEROONEN T2, &
OhYa7YATEY AN FEEREOFEOW
TNEEEREVIIRD L NAED - T2,

4. B

41 FEEEEBFRICKDEL
AT, ZLOMEHHTY A MK 2E 0D
BElZolkcehs, 7abVary, yakYage
BICHELEYA b ehkek b b ek a THEICE
BLTW3EEA%, /T, MUY A bTHAEME
Bizd 2 IERAEM TLERS &b T b, HEmMe
YINA A AL BICHEZEOVNRD b NEHA
Bhdhizoiz, Fric, 70 bV a7 TRETONE
HEHTHRAEMEIERIEMTHEREREVERED LN
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Moo 7O MY a7 TRIB M) 2 7KDY A D
MRDNERCEZWEEE N Z N> b, YA

MC X2 RKERIEZEDEND 2 HHTHAEM & JEFEE
OLERERHLMCT E2DIE, 5BEIDZLD
LR THEZ T Z2LENDH D EEZ SN 5,

—F. ¥vabVaT7TIE0~ 15cm DB TIHAI
PEAIV T LE, LG A A > | FEA T IEFE A
ik b RN o Tz, FAEH & JERERDEWHA
LDk, 1) Yabya7hlE595%CETHRE
o HENRZE Lz, () Ya k) a 7BRRERE
WIE IS IR 3G AT 28 I Lz, @ 2 DOEHNE 2
5Nz, BIZIESY 2T Tidoa emiEnsEIROH
RN TEZN, aDLETY VEBESHY U LIEE
Mool E v EL, Y EXTEROGEN RIS X
NTWV3 (H5 1986), TOXIITHEELZARTD
EUZEEICE () OgEE MGV EEZILbNS, —
Ji. RFRC B 2 REMOBIZ T o b)) 27D
EDEEZLNZEHRIDITNICEDENZFEE T,
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Table5. 7T bV 27 YA bD 0~5emFBE LT 0~15cm{%
DO AR MU 5 1 + (UAL 548,
Bilre, Bili2, Jep) & bV a7 (FIURTELH
BICIF ) OB OWTHIEDH ST
[{iw s G TR S
Paired one-way ANOVA of the effects of site
(Yamanashi, Kyoto, Okayamal, Okayama2,
and Hyogo) and truffles (presence or absence of
ascocarps) on soil chemical properties at 0-5 and
0-15 cm depths at Tuber himalayense sites.

Table 6. ¥R FY 2 7Y% A FD 0~5emBL T 0~15cm¥%
O LIROL AN JE IV o b (i3, #i
AR, ZE, KB &b a7 (FIURFE S &
CIF ) DB DOV THIED H % —ifidid
OISR
Paired one-way ANOVA of the effects of site
(Okayama3, Tochigi, Mie and Osaka) and truffles
(presence or absence of ascocarps) on soil chemical
properties at 0-5 and 0-15 cm depths at Tuber
Jjaponicum sites

Site Truffle Site Truffle
F P F P F P F Lid

0-5cm soil 0-5cm soil

pH (H,0) 15.06  0.011 2.13 0.218 pH(H,0) 253 0233 0.02 0904
Soil total C 19.41 0.007 1.18 0.338 Soil total C 1.00 0.500 0.38 0.581
Soil total N 12.46 0.016 0.82 0.416 Soil total N 1.81 0.319 1.10 0.372
Soil C:N ratio 208 0248  0.00  0.990 Soil C:N ratio 377 0152 121 0351
0-15cm soil 0-15cm soil

pH (H,0) 1553 0.011 142 0.299 PH(H,0) 882 0054 506 0110
Soil total C 127.07  0.000 323  0.147 Soil total C 755 0066 080 0438
Soil total N 73.64  0.001 098  0.378 Soil total N 1238 0034 158 0298
Soil C:N ratio 1573 0.010 054  0.504 Soil C:N ratio 383 0150 016 0719
CEC 54.61 0001 026  0.634 CEC 3698 0007 191 0261
Exchangeable Ca 1446 0.012  0.64  0.468 Exchangeable Ca 206 0284 2581  0.015
Exchangeable Mg 1.09 0468 056  0.498 Exchangeable Mg 878  0.054 075 0451
Exchangeable K 156 0.338 584 0.073 Exchangeable K 1590  0.024 057  0.504
Ex Cations 11.09 0019 067 0459 Ex Cations 281 0209 1278  0.037
Base saturation ratio  29.11 0.003 0.46 0.536 Base saturation ratio 8.20 0.059 7.21 0.075
Ca:Mg ratio 4457 0.001 039  0.564 Ca:Mg ratio 1460 0005 2737 0014
gakya7 7Y 7oakA/Iv i gua, CEC: A4 SHhY a7 kLI Y T g, CEC: BiA A 25s

AR, Ex Cations: 33HMECa, Mg, KOGE!
CEC: Cation exchangeable capacity, Ex Cations: the sum of
exchangeable Ca, Mg and K

WARTERRObNENo e, LIeA>T, (2) ¥yu b
Va7 W UE G 2 = IR U el REE D TR E Vv E
EABND, bV aT3ESPDZLY, KO
LW 28RS %5 C & THORE & DOBie 2l Twv
ZAREMEEE A 5N %,

42BADEA/AU YV avOR2EEBAELDLE
KR D LB
COHHTWE., AR THELNzZ7B MY 27, 1
MY 2 7 OFEMO g S . WANCER T SO
AR CRIRD IR R MR B M85 ) o L Befe Mk
ZIbid 5 LT, 2 MOERH LEORMEIHS »
29 %,

4.2.1 pH

ARICETZ 70 b 2 7RAERD 0~ 5cm 115
D pH I 6.4 ~8.0 CEHME7.2), 0~ 15cm 8D pH
1% 6.1~ 8.0 CFEME 6.9) DHEIPHICH D, MRV pH D
HFICAEREL TV, mEOMIE, EMAE. T\
MZHBT S T indicum O RO EETIX, £E o0~

{75 &, Ex Cations: 2 iPECa, Mg, KDAEFN
CEC: Cation exchangeable capacity, Ex Cations: the sum of
exchangeable Ca, Mg and K

Table7. 70 b)) 2 7Y A bBXTIO M) aTYA b
DT EMNA AT AR RIETH A ME b
') 1 7 DB OOV THISD B % —Jehlii /il

SIHTRER

Paired one-way ANOVA of the effects of site and
truffle (presence or absence of ascocarps) on soil
microbial properties in 7. himalayense sites and T.
Jjaponicum sites

Site Truffle
F P F P
71 bV 27 (Tuber himalayense)
Microbial biomass C 16.35 0.010 0.14 0.727
Microbial biomass N 33.37 0.002 1.54 0.283

Mcrobial biomass C:N ratio  23.29 0.005 6.16 0.068

> bV a7 (Tuberjaponicum)

Microbial biomass C 1.62 0.351 0.56 0.507
Microbial biomass N 1.14 0.459 1.18 0.357
Mcrobial biomass C:N ratio ~ 0.54 0.690 1.92 0.260

sabkya7 7YV rak/auyavn,
akVad kA3 avn

FMFR I EiRS 25 19 2% 155, 2020
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10cm 1D pH X T 6.7 TH D, 4505 7.5 D
PHICH > Tz & E TN TV S (Le Tacon et al. 2016),
BIED T formosanum \E AR EHIBICHAET 20, A
T %2 Hig L7235 Tl FE T pH6.5s ThH - 7z
(Hu et al. 2005), AWIFEO7 0 b 2 7ICHB1F % 14
pH OHiifHld, T b5 OME L IFIEFEBEN PP ED S
Teo =75 F—0wRICPEMT % T melanosporum D
FEMEZ pH 7 U LTIV AV DL TH O (Garcia-
Montero et al. 2007). T. melanosporum @D % £ 1< 1 +
1 pH 8.0 ~ 8.5 M—IRIMNICHEIE E N TV B (Hall et al.
2007)o T magnatum \ZDWTE, KIARDFHEKFEAH
DOFBIC KB LRIV T WS EH, pHT.5 LT,
ZLH CHESEO GV EENERICHET 2 EEDNT
W% (Hall et al. 2007), TN 5 I —1 v /SOREIC AN
50 b) a2 T7REIANpHERETERL THHRIK
B TEREEA DN S,

—Ji. B bhVaTdYAFTIE0~5mLED
pH X 5.6 ~ 6.0 (*EFYJ{ 5.8), 0~ 15cm |- 8 D pH
& 5.0 ~58 CFEE 5.3) OFPAICDH > Tzo BEIFIISE
T, flio2, 30TV avaERHICDNTEME
FHTHERFIPREESNT VS, 7AV A, LT
VIND T oregonense & T. gibbosum O T-FAKDFEET
% %275 X7 7 — (Pseudotsuga menziesii) # T, pH
BHR/NMET4S5. MARMETS4THoTeMEEINT
(Benucci et al. 2016), F7z, XA THROD > ¥l
T. thailandicum O RO LH pH T 4.5 2o 72 &t
HENTW 3B (Suwannarach et al. 2015), YA~V 2
7 & T oregonense (Kinoshita et al. 2016), B X U T
thailandicum LT EEMICEBE TH B, B bV a7
WEHARD Tuber flavidosporum (J AFXA I av
. Kinoshita et al. 2016) . H[E®D Tuber turmericum
(Fan et al. 2015), Tuber xanthomonosporum (Qing et
al. 2015) &EEMICIEE WD, T xanthomonosporum
X pH6.8 ~ 7.6 DAIKE TBICHH T2 EMEEINT
% (Qing et al. 2015), L7zA > T, BTV
W—THhd LEBETHICES L TS ERE A%k
Vo HADHMEEIZ —RICHEEZ RTIHBEENZ L,
BOHmM DR MO L TIE pHAS ~ 5.5 DEIFIC A B
A2V (R EEIFIERME 1982), 1RV a7
COXIITHAROMELBICHIS L TE N d
5LEZBND,

422 k%E. BR. CN Kb

AHHEDOI/ O ™) 2 TDS5Y A M BT oY 2
TD4H A MCBOWTRILWREGHR, EX0HR
Zmlizco 7 bVa7¥yA b BXUTYu by a7
A FOFEMICH T 5 eRATHED T-HMIE 0 ~
Scm 18T 53.6g/kg. 30.9g/kg TH o =M, TNIEH
RIZBT 2HMLE (0~ 5cm) DEREZTHREFY
fil (113.2 g/kg. Nanko et al. 2014) IZ LR TILL, 7
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OrhYa7eya by a7 3N aEEmOZ LWL
BICERLTVWAAREEN R I N, £/ hbD
fEiE. MEOMINEBIXUEMED T indicum £ EH
THOAKERZZARIZS0 gkg LFHRZ VL ENS
W5 L AFEE /2 5 7z (Le Tacon et al. 2016), BIED T,
Sformosanum O N LG Z Hig Uzl Cld, LEOD
PREGHBPLRERZAHRDOTHEMEIZZENZN 70.6
g/kg. 5.9 g/kg TH O (Hu et al. 2005), AFFZED11EL
PHNosa by a7 A4 MIZOMEDEX O KNS
oo =/, I3—BYNROEAIT VT3 THEICDONT
. (1) T uncinatum T LAY & A2 XL <
T 200g/kg A D T & & & % (Chevalier and Frochot
1990), (2) T. melanosporum ¥& £ i 14 & Ay I B WV
T, THEOSHKERERIZ 010 ~ 7.52g/kg, %
FEEFHEIX 0.00 ~0.56g/kg TH > 7z (Garcia-Montero
et al. 2007). (3) HIRA XV 7 D T. magnatum 4 B
(Truffle grounds) Tirb Nz 3 DOMET, HH 7+H
EHREDON S ABOHIEAEYGHEROTIMSZN
ZH 1.96g/kg. 1.51g/kg. 2.12g/kg TH 3 (Bragato and
Marjanovic 2016), H#EE|ETN TS, TNHD
e, AKEO T R 2T, Ya kY a T 0%
B EEORREATERIZ, o/ IvavnjE
EFRIBRICIRILNEEZ BN,

ARWFZEO 7T Y 2 7Y A MIBWT, MO T
B C:N b2 0 ~ Sem 18T 13.9 ~20.1, 0~ 15cm T
BT 127 ~411 OfFHICHD, LI 12l ETH-
oo BFY2TYA MIZDOWTIE, 0~ 5cm 1T
122 ~18.8, 0~ 15cm LT 10.5~ 14,5 TH > Iz
HEOMINEBXUCEMED T indicum £ R T D
C:N i 12.7 ~23.3 DHIFHICH > 72 A 20 LA EIEHTZ -
T VI MEND % (Le Tacon et al. 2016), — K., T
melanosporum DFEEM 14 E D L HICDWTIE C:N
FElE 10 1T3Ew (6.44 ~ 15.70 DO#EIPH) (Garcia-Montero
etal. 2007), E£7z. T melanosporum D5 G2 1ES
BrCE HIBERY S HREIE 1.5 ~8.0%, Lt CNHZ
102 5D HELEINTE D, T melanosporum LLAY
DEAIAY Y avaEEMNASBDZE DI HEY
ZIOFROWTHECNEZES LEEADRRVWEENT
W% (Chevalier and Poitou 1990), TNHDT &5,
A IAY Y avuEOMBEIC KD S T CN ik
RixZEEZDN AEO /0 o7& Y o
T OREM LI T indicum & EIRED C:N ELZ/R L.
F— v ROBAEDOREICHANS L EVHEAIICH S &
EAbN5,

423 X MIBR S IEEBRNE

AFEDO 7T RV 2 75 A MTBWT, HIE LT3
MR D S BRIV LENLWHIITH > 7z,
FAEM T H ORIV T LEiE 9.6 ~ 48.7cmol/kg
ThHO., FICAKEDREEZZ T M1, Fil2 T
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m otz —J5. =1 YO TIE T melanosporum
DOFEAM 14 WFTEAIKE LETHO . SWVIREOR
MHIVT L (5.16 ~ 46.16cmol/kg) . ZHaME~ 7% v
7 L5 0.41 ~ 7.92cmol/kg) . K E R — IR R D SR
F1 7 L (0.07 ~ 1.47cmol/kg) . T H 7Rk k
U LZELTWS EMEENTWS (Garcia-Montero
et al. 2007), £z, HRA XV T D T magnatum £ 5.
#h (truffle grounds) IC¥1F % LEEDOWHIETIE, LMk
VYT INEE 16.24cmol/kg, SR Vv LB
I 3.14cmol/kg, HMEA VU 7 L& 0.42cmol/kg & W
IMEN R TN TS (Bragato and Marjanovic 2016),
ITTEDNREZ e S EBEORIEHEL VD, A
MEO 7O N o7 OFEHO LRIV T L,
R~ 7 vy Lhm, AU Y LR b
DM EF TR DHIIAIC B o Tz T melanosporum
X T indicum OFEEHCIIEEE NG <, A
MLTWAEENHZ T EMEINTWVS (Garcia-
Montero et al. 2007, Le Tacon et al. 2016), ZH kY a
T A b TEEWRNE ALY g7z K U
fIRIE S @SV EAD O, Ml 1,2 TREEEML T
Wizo 78 b Y a 7 T melanosporum *° T. indicum
RIS LB D D L EEAE U T W B AT RETEDY
H5

—7. YakJard¥s T/ a7
FTHEDHZMOLAIT Y avngofEe LT
LRIV LEMEWEITICH 5 T2 4.1 DIAT
HWARTzE ST, b a 7Y A b TRV
ULEBIUCRMOBIEREZHET HHMETH S
Ca:Mg LMW FAEMTIERAEME D LN EARDHS
NTW3, TNHO/RME, v bV o 7IEHME
TV LOE BTG A REEEEA S NS,

424 1%

AifgED 7 b 27, bV a7y A FOFE
ek, EHEELS, WLt (S, HELE (HO) & &
DO 7% Tl o 7z (Table Do T ORERIEE,
E D T indicum £ R I BT EL <. R
+ (©. Bt (S oMbk LHEidEvwEREE
NTWVWBDEFEETH -7 (Le Tacon et al. 2016), T
melanosporum #3555 O L O Y EEMEIC DWW TIEM L
TAEEMIL, ZOHTUIVNOEERMEL, B
HEMEERE L WHC DR E W EIED 7RI I 5E
LTW3 ERBENTUVS (Alonso Ponce et al. 2014),
7235, Chevalier and Frochot (1990) & T uncinatum @
THRIEDFEET B LHEEME. HokD X <L RRREES
THdT eZmRUT, RUIE T HIERMEE KR
FANTES T 5B L T REND S,

425 MEMNA A
HARDHMIC BT B LHMED A A< A C D/l

fE X Tmg/kg, B AKAE X 4000mg/kg DL, fAEYI N A
F AN OR/MEIE 12mg/kg, 7 AME I 600mg/kg LA
L ERIEWEE)Z /R LTz (Watanabe et al. 2010),
AR D HIBMAEYINA A X C. N2 N L HgT
% &, AWFROMEI RV DE D PN T H % DK
WD o Tee — IS TN A A R C i
TEPEREGHRLEEOHMBMNSH D (Watanabe et al.
2010), AWtZEOZa Y27, YV 2 TYA b
DERFETARIHAICE T 2L (0~ 5em) O
TEEMEICLER TR, TOT e TEMEY NN A<
ACHMLKTBHEKICZ->TWVWBEEZENS, &5
IC Watanabe et al. (2010) &, /N1 4 < A C:N [tid 4.8
~ 14.0 O CF¥T6.6 £1.8) IKHBERLTHD,
ARWFFLOFAEM FHEDNA A X CN I T h & g
LTHAOMETH Tz, ¥AIT TV avnjgod Bt
T THMAENA A< A2 WE LT3 a < K%
DIENA F < ZADOHEEDN ED K S LR ZFD
DOWPEIT B70IC, SBEAGEAIVIavn
BOERMTT — 2 Z2EMT B ENRETH S,

FAEMEEICOVTIE, Ya b a 7Y A Mo
Tr7uabVadZVY A &0 EMEY NI A AN
MK HEMAEY S A A< A CN i & EmIC
Holze TNREMEY DMK L 2 TREMEZ R d
b, —MICHEETHFHENMES L, hENS T VA
VETHIEENMELT 22 E5DN TS (Zelles et al.
1990, Lavelle and Spain 2001), & U CHEF I M H
KO EMEYNA A< X C:N D EW (Anderson and
Domsch 1980), 1 bV 2 7414 ~DFHMEYIINA
ARACN D ENT L&, FEEOE S
ICEWC EZRET %, WEAED SR T AP O /L ak
IKDWVWTOWMAEEITHN TS, Fuetal (2016) & T
pseudoexcavatum., T. sinoaestivum, ¥ X U T indicum
DOFAEME FRIEMNHE DD > TRV gD -8 %
ARG LRfr L. MiEMHES KCEEHTE LSS M
RMNFEL M & M TIE R T2 2@, FIE
HFE$ (Cercozoa & Ochrophyta) MFEAHOD 13 Txf
Mk o @522 2Rk, £/, T indicum O
FAAE R T JREEVIREEE D Z Rk TE & B & DA E
Ense (Lietal 2018), 5%, WHEMEOZNT
NOmPRHR &L FERIR AR 2 a9 2 e
W%,

5.%k9

su bV a7 3R EZRE O HEICERLTYL
Tt OO, pHAHBE~T7 VAV M (6 ~8) THIE
DEHENEWEN DD O, ERICHFE S pH G E
D T indicum PEEBOFFE L EFBETHAH NI — Y
ISPED T, melanosporum ¥ T. magnatum £ X572 % &
FEZbNB, LEERHAIZZL, CGNHIE 12 ET
Hole, WRAMEEILERNGG . ZOMRIEI—ay
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NRTIT7 DAYy gvngl ot sk e
FLILTCWe, — /A, B U aZiEpH N5 ~6 (78
PE~55ME ) T/ b)) 27 X0 BHEBHOE HEDE
WHEBICHEIS L TV B AR R E NI, il A
W I Lz EDEDNK O Z L LEZIF AN
RENT,

BIRFE T, bR EO tEEE T Y
avuEEOETEL D E DR TRHET 5DONHS
NTREV, Dl ed, BNBERRTIE, 70 b
Va7BXU0ya b)) aT7OEADKEIC pH D2
THIENRDENTUVS (Nakano et al. HIIIH), £
BRMENE A T avnER O PRI, toR s
DFEFICHET B0, H5 VI TFREKEKICHEG 9
DM EZGT ZR0EDND S,

X, BET7 I T TREAT YT ayajgo RN
XN TRHREEN TV S D (Jl 21X Deng et al. 2013,
Suwannarach et al. 2015, Kinoshita et al. 2016), T4 5
DOMTELEZ SO A BB OMAIZIEEA
Elxv, AW TERLIELSIC, AT U avn
E@@LCJ:“)’CéEgj:i*&ﬁ:Ciﬁ&% tEZLNS,
HAEMhO? 7 iikicml ThERIT S 3Y
yaﬁm?@@#59k0\8$®@®ﬁ@@ﬁ@®
TITHIICAERLZOD LTWE I D, 771
ERTEIHALGZREAT Y avnEocAERMoO 1
BRI DOV TOMRZED B LT, 7IT7BXT
HARICERT 2T gy a@micif@Eas s
HEREOHLMNITEBR EEZLNS,

A &
AR ZHED ZICHT=0 . (EWF) R - S
éﬂ%%@@ﬁ%?ﬁﬁ\%ﬁﬁﬁE\mE%Rkﬁ
FUREE, HEA R EICBVWTERES CHAEWL
felewnte, e, JREEREG, 0 A K, Mk R,
HEBEFB K, HEA BRI, mAEBK, AL T K.
AR, =i K. RS, B R4 R
RO — ¥ — 2 —Bh#. (LR RMES B DT
DY R X U B IR AR ZE ATk A AT RIS 1 B
ARBICBWTThZEN >, 2TOHEERIC BV
THIREEB X UCEHEDO S RICHEZHAIL TR

Wiz, TTIKODSEILEL EF 3, kB, O
BEMKESRITLOY 27 e THHEEE B

MM 2 72 OFE AR ] WFoEdE [t o
CHRUEEEA DRFE) I KD FEHME LTz,

5 | H Sk
Alonso Ponce, R., Agreda, T., Agueda, B., Aldea, J., Martinez-
Pena, F. and Pilar Modrego, M. (2014) Soil physical
properties influence “black truffle” fructification in
plantations. Mycorrhiza, 24, S55-S64.
Anderson, J. P. E. and Domsch, K. H. (1980) Quantities of plant

|Bulletin of FFPRI, Vol.19, No.1, 2020

nutrients in the microbial biomass of selected soils. Soil
Sci., 130, 211-216.

Benucci, G. M. N., Lefevre, C. and Bonito, G. (2016)
Characterizing root-associated fungal communities and
soils of Douglas-fir (Pseudotsuga menziesii) stands that
naturally produce Oregon white truffles (Tuber oregonense
and Tuber gibbosum). Mycorrhiza, 26, 367-376.

Bonito, G. M. and Smith, M. E. (2016) General systematic
position of the truffles: evolutionary theory. In Zambonelli,
A., lotti, M., and Murat, C. (eds) “True Truffle (Tuber spp.)
in the world. Soil ecology, systematics and biochemistry”.
Springer, 3-19.

Bragato, G. and Marjanovic, Z. (2016) Soil Characteristics for
Tuber magnatum. In Zambonelli, A., Totti, M., and Murat,
C. (eds) “True Truffle (Tuber spp.) in the world. Soil
ecology, systematics and biochemistry”. Springer, 191-
209.

Chevalier, G. and Frochot, H. (1990) Ecology and possibility of
culture in Europe of the burgundy truffle (Tuber uncinatum
Chatin). Agr. Ecosyst. Environ., 28, 71-73.

Chevalier, G. and Poitou, N. (1990) Study of important factors
affecting the mycorrhizal development of the truffle
fungus in the field using plants inoculated in nurseries.
Agr. Ecosyst. Environ., 28, 75-77.

Deng, X. J., Liu, P. G., Liu, C. Y. and Wang, Y. (2013) A new
white truffle species, Tuber panzhihuanense from China.
Mycol. Prog., 12, 557-561.

Y EENE LR B (1982) MR IE 2.
HEAE, 65-71.
TR WEEZR B R
A, 34-38
Fan, L., Liu, X. and Cao, J. (2015) Tuber turmericum sp. nov.,

(1970) “tHE¥E I WL,

a Chinese truffle species based on morphological and
molecular data. Mycol Prog, 14, 111.

Fu, Y., Li, X. L., Li, Q., Wu, H. W,, Xiong, C., Geng, Q., Sun,
H. H. and Sun, Q. (2016) Soil microbial communities of
three major Chinese truffles in Southwest China. Can. J.
Microbiol., 62, 970-979.

Garcia-Montero, L. G., Manjon, J. L., Pascual, C. and
Garcia-Abril, A. (2007) Ecological patterns of Tuber
melanosporum and different Quercus mediterranean
forest: quantitative production of truffles, burn sizes and
soil studies. Forest Ecol. Manag., 242, 288-296.

Hall, I. R., Brown, G. T. and Zambonelli, A. (2007) The habitats
of some commercial truffles. In “Taming the truffle. The
history, lore, and science of the ultimate mushroom”.
Timber Press, 110-115.

JRoo5he Wk EAE - B S - IRE 8 (1986) <Y
2 OB 2L -2 1 HRO P AP
HAM AR BEVE SRR R R AR, 37, 328-331.



66 HECE

Hu, H. T., Wang, Y. and Hu, B. Y. (2005) Cultivation of Tuber
formosanum on limed soil in Taiwan. New Zeal J Crop
Hort, 33, 363-366.

Kinoshita, A., Nara, K., Sasaki, H., Feng, B., Obase, K., Yang,
Z. L. and Yamanaka, T. (2018) Using mating-type loci to
improve taxonomy of the Tuber indicum complex, and
discovery of a new species, 7. longispinosum. PLOS ONE,
13:¢0193745".

Kinoshita, A., Sasaki, H. and Nara, K. (2011) Phylogeny and
diversity of Japanese truffles (Tuber spp.) inferred from
sequences of four nuclear loci. Mycologia, 103, 779-794.

Kinoshita, A., Sasaki, H. and Nara, K. (2016) Two new truffle
species, Tuber japonicum and Tuber flavidosporum spp.
nov. found from Japan. Mycoscience, 57, 366-373.

AT Rz @l (2017) EFEE Y 27 DN TR
Z B9 7 IR AR ORI -. Z=HIARMKENE, 39,
16-17.

AT RE - &l RS ST - B SERER -
w23 017) AR A I T g U nO IS
FEREE ORI T HARM AR RER KT — X
~N—2X, 128, 170.

AT RE - &l hER K M R
PP SEORER - i {232 2018) HAEHA Y 27
DFEA: « JEFRAEHNC I8 B TR D L X &
T I ARBERREFEERT — 2 N—2X,129, 684.

Kirk, P. M., Cannon, P. F, Minter, D. W. and Stalpers, J. A.
(2008) "Ainsworth and Bisby's Dictionary of the Fungi.
(10th ed.) ". Oxon: CAB International, 771pp.

KET (2018) “MWEDK G T — X M, http://www.data.
jma.go.jp/obd/stats/etrn/index.php, (Z# 2018-10-5).
Lavelle, P. and Spain, A.V. (2001) Soil organisms. In Lavelle, P.,

Spain, A. V. “Soil ecology”. Kluwer, Dordrecht, 210-211.

Le Tacon, F., Wang, Y. and Goutal-Pousse, N. (2016) Soil and
vegetation in natural habitats of Tuber indicum in China.
In Zambonelli, A., lotti, M. and Murat, C. (eds) “True
Truffle (Tuber spp.) in the world. Soil ecology, systematics
and biochemistry”. Springer, 233-245.

Li, Q., Yan, L., Ye, L., Zhou, J., Zhang, B., Peng, W., Zhang, X.
and Li, X. (2018) Chinese Black Truffle (Tuber indicum)
alters the ectomycorrhizosphere and endoectomycosphere
microbiome and metabolic profiles of the host tree
Quercus aliena. Front Microbiol, 9, 2202, DOI: 10.3389/
fmicb.2018.02202.

Nakano, S., Kinoshita, A., Obasa, K., Nakamura, N., Furusawa,
H., Noguchi, K. and Yamanaka, T. (2020) Influence
of pH on in vitro mycelial growth in three Japanese
truffle species: Tuber japonicum, T. himalayense, and

T. longispinosum. Micoscience, in press. https://doi.org/

10.1016/j.myc.2019.12.001

Nanko, K., Ugawa, S., Hashimoto, S., Imaya, A., Kobayashi, M.,
Sakai, H., Ishizuka, S., Miura, S., Tanaka, N., Takahashi,
M. and Kaneko, S. (2014) A pedotransfer function for
estimating bulk density of forest soil in Japan affected by
volcanic ash. Geoderma, 213, 36-45.

Qing, Y., Li, S-H., Liu, C-Y., Li, L., Yang, M. Zhang, X-L.,
Li, X-L., Zheng, L-Y. and Wang, Y (2015) Tuber
xanthomonosporum, a new Paradoxa-like species from
China. Mycotaxon, 130, 61-68.

Rubini, A., Paolocci, F., Granetti, B. and Arcioni, S. (1998)
Single step molecular characterization of morphologically
similar black truffie species. FEMS Microbiol. Lett. 164,
7-12.

NI HIF - ORTE RE - A R i &
(2018) HNICAHET BRI Uy a v a (Tuber
Japonicum) DFFFHAICOWT. HRZD T HEERE
AT E R, 22, 85.

AT IEPIE R (1982). “HM T EOFXTT & Z D%
BB SAE 2, 251-252.

PESERRE STV E A AR & 2 > 2 — (2019) “>—
L L AHVE X v2”, https://gbank.gsj.jp/geonavi/geonavi.
php, (B8 2019-5-17).

Suwannarach, N., Kumla, J. and Lumyong, S. (2015) A new
whitish truffle, Tuber thailandicum from northern Thailand
and its ectomycorrhizal association. Mycol. Progress., 14,
83.

Vance, E. D., Brookes, P. C. and Jenkinson, D. S. (1987) An
extraction method for measuring soil microbial biomass C.
Soil Biol. Biochem., 19, 703-707.

Voroney, R. P., Brookes, P. C. and Beyaert, R. P. (2007) Soil
microbial biomass C:N, P, and S. In: Carter MR and
Gregorich EG (eds) "Soil sampling and methods of
analysis, Second edition". CRC Press, 637-651.

Watanabe, M., Yamamura, S., Takamatsu, T., Koshikawa, M.
K., Hayashi, S., Murata, T., Saito, S. S., Inubushi, K. and
Sakamoto, K. (2010) Microbial biomass and nitrogen
transformations in surface soils strongly acidified by
volcanic hydrogen sulfide deposition in Osorezan, Japan.
Soil Sci. Plant Nutr., 56, 123-132.

Wu, J., Joergensen, R. G., Pommerening, B., Chaussod, R. and
Brookes, P. C. (1990) Measurement of Soil Microbial
Biomass C by Fumigation Extraction - an Automated
Procedure. Soil Biol. Biochem., 22, 1167-1169.

Zelles, L., Stepper, K. and Zsolnay, A. (1990) The effect of lime
on microbial activity in spruce (Picea Abies L.) forests.
Biol. Fertil. Soils, 9, 78-82.

FMFR I EiRS 25 19 2% 155, 2020



Soil properties in Tuber himalayense and Tuber japonicum
habitats in Japan

Hitomi FURUSAWA "*, Takashi YAMANAKA ”, Akihiko KINOSHITA”,
Shota NAKANO ¥, Kyotaro NOGUCHI” and Keisuke OBASE K

Abstract

We characterized the soil properties of black truffle (Tuber himalayense) and white truffle (7. japonicum) growth
sites in Japan, necessary for establishing artificial cultivation techniques. At five 7. himalayense and four 7. japonicum
sites, we collected surface soils (0—5 and 0-15 cm depths) at five points from adjacent plots with or without
ascocarps. We evaluated soil chemical properties, soil texture, and soil microbial biomass carbon and nitrogen. Soil
chemical properties and microbial biomass carbon and nitrogen at 0-5 cm did not differ between plots with and
without ascocarps. Soil textures were diverse among sites for each Tuber species, and similar to those reported for
other Asian and European Tuber species. In T. himalayense sites, there were no significant differences between plots
with and without ascocarps in soil chemical properties at 0—15 cm. However, in 7. japonicum sites, exchangeable
calcium and the sum of exchangeable cations at 0—15 cm were significantly lower in plots with ascocarps than in
plots without ascocarps. 7. japonicum may be adapted to more acidic soil (pH 5-6) with poor nutrient concentrations.
T. himalayense habitats are characterized by weakly acidic to alkaline soils (pH 6-8) with a relatively high base
saturation ratio.

Key words: soil chemical properties, soil microbial biomass, soil pH, soil texture, Truffle
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ERMAMEICE T BT+ T —REAOTEMIEEDLEEEZRAL, BEEOMEDREINER
MOEMAEERICRIETTHERASNICT 2D, BiEORZZHEIC XS EEER IR Uz, i
BRHRE, Ty TIE L RN RZARIC KD HfEA, FHEE 4.8 brohRlBXT 6 b o kA
HMic XM, 79 TNVICKBTMEBALORIEEL L, ERMELTom BXU 8m #. LD
Tz OIS D 4m M OEPEME B U, MOBAEBA UIEETIEZ. AAMBOENEZLIIWTE,
WA H 72 O FREN KEGZ AW E IR RkEL Ao, MY A ANKkEL AL LIC
Ko TEEMERM ELID EEZONDS, EMIFOETFERICOWVT, JSEMEEOREE R Z B O
RS RE TR U ER & BRGE TS 2 24 T3S T L Isd g RIc &K » TREMETELL
LA, MENELRZIFY., B—HERICBIF2HERNNIL AiEAMNRONE, D
HEE R, WESIRRAHZERMICE > THEOBELMIBENE(L L TRELEICKE S T EHENK
CHEEE N, BABALBIUCEMEXEZ LY REM TROEEMZ, B« KUHE & & 4m #
TOARELED, MENELEREFERTFT AT AN ER>TZ, LML, ERICES T EIC
KBEEMEOE FRIKREGD NN E L, ERMOEEICIERKBHEBO FHHE L TS T A
Ehhkizolz,

FoU—F 1 T7xT—X, ME. EHi&E, HEAaBAL

1. ILUBIC

69

Bl TR E OB Z 2T S WA, fEIER

DODHEOIKEEICEN T, 3mBXU 4m L
EFEDTVEMN, 4m KO EWVILK (BUF, ERM) M
BMENn2bdhHd, ERMzEETSZLICKS
T, MM IZ EDRF T2 E BN DIIGH RIS 75 % 12
AL, BRORESTHHTIHATE. T02H
DEYIOZTHTITH) TETRHRED & DM E
MMWAREIC R D, o R EREER L IRERM D, %
WADHNSHAGEIC RS EEZ 5N 5, ERMAFER.
BIZEATMERETITONTETHED, MiVE DX
REAKELTET s2m MU FiIcEM L, BEMTHN
B LA E LT 6.0m ICERM ENTE e (RTF7VEIRSE
RELER 2 1987), Fiz, DM TEMAKNEED
RSO 4R (R 1989) I8V T 12m b LL X%
N EOMOEERERZCENTE, RIETIE, M
#5 017 ICK>TT T v PIVEMDOEHINHE X
NTWVWBIEH. Yoshida et al. (2018) HEXTE L 72X
Hfjic X 2 ERMEMIEZOEEENRE SN TV S,
ERMOEMICH > TIE. AF v X EDIFATIH

JERSZA L AT 9 A 11 B ERGEE AT 12 13 H
1) AR EITZEAT PAE T2 T AR

2) ARPARETIZEAT SN -

3) B LMK FERR B Rl & > 22— ZRARRITSE T

TOMWNETHEL RO MATEZ2HIBAELNTL
£95, — /. REMICILSHEHTZ2 7+ 7—2%E
OFEE Al CIEREZ BT 572, /N iR
PR ETREMEDREIC X > TR O ETIEEL
BRENEZOGNS, TNEXT4 b UEHEEOHIIE
WO AN — R TH > 7=h, BB E T 6 b
VEHREORMHGEOMHAELIMATETEL, ER
MIZERISELRT L A>TV BEEZENS, T,
Ty TN IC KB MBEAB - M5 UIERICBNT
. ERMOBFVIC &K > THEEEMETRT 2L E
EZ2bN%, LML, AKOBMBENEINT 2T &1
MO EICE > T T I AR B T EBIAR/TE %,
ZTTTAMETE., 747X ERAVZERMOE
FEVEZ MR L, ERMEEIC B TRE OEM il %
T2 L OBNEZRAET 5, TDizHIc, HH
Hj & KBV 2 W2 EMEE 2 LT % & L B,
ERMOEMEFELICRIETHEERLRNEORKEEOD
WBRGN Uz B, ARG TR, B TREOMHR
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B mBALBRUEMEXZRERSRE L, ERM
ELTomBIU 8Sm M. D= ITHEE D 4m # D
EFEME A LT,

2. Bk
2.1 AR DOBIE
AR EILEOK AT IC A E T % AF O KB T
v, BRGN035 54 PE X N B M DA PEE %
HL, 74T —ZDOHRIHE (MST-800VDL) Z L
feikBr (FPAUEKER) % Fig. 1 OHEMEK A TIF, KAHEH
i (U6-BG) Z MW 7zikhi (KMEER) & Fig. 1 OEM
HBELIUC TITole. Bl DOMIAZ Table 1 1T7R
T B RIZVITNDG 60 FEEDAF (KA AF) T,
FRIEAER TIENIR O R, Ik . It
BAY39.7em. 29.6m. 1.7m’, KB EER T [ 49.4cm,
33.4m, 2.7m* EEH DTS D HEARMEN DK E
Mmolze RAAFEMENFL GEF - Ad 2010), il
r AR [A S AA & PEiE U T HAM B KR E WV,
AHE T, EBM TR TR A ARHEL & TR
ICDWTEEFENFHBZT1T> THE D, Nakazawa et al.
(2019) PHEMEETN TV S,

22 EEDBE

HARGRBRIEREANB 2 B T THBO . Fo— VY —
TR, EM - BV EN—ARZA XTI e, 7
D%, FBEWNRTHBEN—NZARIC K BAHEH, EH,
TIw TV K BMEBALUEITS T2, MM L
ToN—A_RZAZ2EFZHT, HHLIEN—AS T VIR
BE12~13 b5 ATH5 (Table 2)s T4+ T—XK
KRR 4,800kg. 5 3,300mm T, VT v
b — R fE L Tz (Table 3), M A &
WTREIRVO TG X TEMZIT O, EEEM B
88m ThH -7z, THETOREBETIEIINThHIEL.,
TN SR E T E TR BEL N, LHELA 7T
DEFED B —EHDEMIC BV T HGAHETlzE %2 Uz,

MOREITEZ, 4. em EREICH L THKTFEE L,
8m M TIEKEER MM ABETH > e /e, iBHEBD
WXL T THRIED S M ORT - %72 13 & 3 R b F
#& L7 (Photo 1. Table 4),

KEGABR & FRRICFEANB 2 B TITD Fo—2 Y —
AL N—ARZ XX B - BV O%, RAENSR
TH27 7y TNWVCXBER. M. 7Ty T )ic
KBMMBEBA LRI, T TIVOR=ZT T VI
RS & W2 5 A TH B (Table 2), 74T —H I E
EE eIy TINa—ARNEL TV EAEETH - T2
MW, TRZEIROAN L THIBEDILEZIT> TWVW5 728,
AR ET 6,000kg (7T TF)ba—Z gL gy
RO, MEER 4,355mm (EHE) £x->T05
(Table 3), M B BEL U C ZHWT LG E TOEM
PO CEEMEREEE B T97m.C T 107m TH > 7z,

th

AR

Fig. 1. Akl & 4EHA 15

Table 1. s DA IR

FRIIEA R KU
it (ha) 0.156 0.155
g AF (KA AF)
i () 60 60
MR (A/ha) 8323 587.1
AR ETERE (em) 39.7 49.4
FERE (m) 29.6 334
#OOE (m?) 1.7 2.7
Mo EERN AR (m) 216.1 242.9
B HALEAD 2D (mi/ha) 1394.2 1567.1

B Tx#&itt, C TWRaNE CEMETZITV, B T
FE A E T ClisE 2 U 7z

S E ORI H W e KR H I E N RE TN T
4,300mm DL LH > 72728, TR TOME TKFICFEH
TEIEEDOD, FRIELER & DL D721 8m M TH
TUEAER & MO RO B 1T > 72 (Photo 1. Table 4),
8Sm MK FEREE T, MEEMMOBXZ o LHran
TS MBEEHD IR TNT VAZIRT T WD 5
felz®. fiEOKIHIC 2m DI R EICE X,
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Table 2. faifEEMEODGC

N—ARTY ITVIV
[(E4 B FR il ERSH T
(kg) (kW)

. faff A INTANA R 13,900% 67
HRRIEA SR .

¥ A L 7Ty T 11,775% 64

. fffE A 75w ) 12,300%* 67
KIEER o

AL 7Ty T 13,700% 75

# Ny NS ORSERRIC B % A A FMl, 120 g h BB EED
BENEVEAR., EERICARL—Z2OE R L L T75kgmNA THER.

ZO I Sm MZERBL TEIABLEN KT WM EZLR
ELTHEBET AT EsiTbNiz, BB, KM%k o6 b
VAR EEROMEREAER LD EHWZD, %
2 A T TO 8m KRR HEL VW R B,

BEMERIC B 2 L5 5 e i A 15 T & ¢ O e W
X 7% Fig. 2 IC/R9 o MM ARITEMEE AL B TZN
ZN10%. 4% L7500, BMEEC TImERELN16%
ElxoTe, £l KERAME AR, A119%., B!
8%. C:21% &>, MK A BIFROTZDHDOY]+
ZIFEAETH>THEDLT ., —HITILANK > 7= E T &
HZHEDOD, FWEMLIRCH UM oz it %
EMIIFEEAE TS T, EITHOEIXH 3.0m TH -
Too MK B IXAIOBIRT. —/5 I, ik
DR EZR>TNEH, MHOAREICSDONE Z L3k

Table 3. 7 4 U —ZDikiL

Mo iz BRFIC X B B ORI b0 K D 54 72 i)
1E9 3 7®ICIE 3.0m DFRMDBER SN TV, M
B ClIY LIc & o TIER S NIZERIR T, /b O ilifz
FRXR (R=5.3m) ICBWVT., 32 TihRB &BOHI Y]
ToOmOEMNED -7, BEIZK 4.0m TH o7z,

AR e E Y

3.1 IR HEA LIEEDEEN

HHBA UIERICBIT RO HAEIE, WRERE
HITBWT, H e KREGEABRD 4m M Thd 2 <H 2 7R,
KAGKERD 8m M TiRE DR 1A L R o 7 (Fig. 3),
fBAULIEEICBOTIE, KGR Sm MR DO FEE T
FRCREL3AZBA T L EZRFIX, A—METH
UL RBERER D 23 F L A E 7R L, 4m M T 3 A,
6m M T23AK, SmMT2 AP EMENEL KBFE
RN DL T o Tee MBEHREORBLD EMEBA L
REDABDIT L K BN &G > Teh, HREAER 8m
PO TRAEAFORBED TR0 E {0 REEL
5 8m RO K T EAARLIC T 2 B A LA
M2 EERICZ A0, e Bix B m & 7% - Tz,
B OFE R EZ DD AP TR U TR T R D
MAMELNE, WRAVEETIIPRERBRTD 4, 6m M T
ENNEL 04~05m* BBEE K-> Tz, fMiEBA LIEHE
TIEREEABRTO Sm M CRAICKE L 13m* IRIE L 755
7o, Z O RIEER T 0.7m® FEE KERER C 0.9m?

i ‘ B VY
e E AR 2E 20F [ E N .
TERGH 75w T —2—
(kg) (kg) (mm) (mm) (mm)
(kW)
Ry 6,300 4,800 5,070 2,300 3,300 92.8 I
i 11,635% 6,000%* 6,755 2,485  4,355% 1205 % (HEmzfd)

*FHE, **7F v T )ba— 2 — OB O,

R 4m B il 6m B

KEL 4m B KA
Photo 1. FEfEIKRE

6m #f
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MEDERTRTHRINIEMEDODTITNEXLRT
WizheEZIOGNS, 5, MOFEKE LT, WE
NOEBREMMZ ZH0EN S, B 5 LOEDIEWFEA
TEREK D ERENDREAEHED ST, KO HEERE
ENBERINZTENEZ LN,

HEHEMETIE, MBEAMEEICBO T, PR KRR ER
L Aam M OAEFEMEMN 70 ~ 80m/h & KT, ARG
BR D /N 6m M THI 40m¥h, KEIEBR O /N E 8m
M OO R THI 50m*/h Lix o7z, —J5. WA UIE
HOEFEMIX S5 ~8SmhRETHD., ERICKSC
EILEXBEERDEKTERSNEN2TEDD, [HU
MEXR B, KB O EWAEFEEIC R 2 Einh
Honiz,

Fio, PR OMBEAMEETEN—XXZAZNH N
ENTze N—RZXZLAOEMZE DO Ty YD
72w VT, FORMN LR NEnEENT NS
(FEH 1998), HRIEKER Tl KEGELER & LEAXRTHRDO D
BMHEDNEL TZ o> TWVB D, Table 4 IR LTzEBD
AR X H7D OMBEN RGO /NS o 2T
CEFRKELTEALBNS, TDT EEEET NI,
HIRIERBR O (i B A ESE I BT B DD A MR 22 L
THhEVERVZT, 759y P VORbDICNHN—XA
2 VT BEIREL G528V R %,

iEH - mMBA LZEabEek B arBAL) O
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ol MDD HMEIE, MEPKELAKBIEE, X
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D, FEFENE 4am MOEMTREBOIERME SN,
COHhE LT, ERMOEMICBWTIE, MZzDh
LETORSPHMOBE), fiE L TOMERE VST
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FERBE IR TNE SRR L T 208N H 5, X
fo. ERWTETT 2 &2 OEERDE. 4m M TRIE
EAERL, ERMICEZIZERELIABT LN DH
%, TNHOMEM NIE, BED, HEaRic X
EDTREVED, BAMOMMNEL RB T LIcX?
WEE VA D, BARMICIE. BEECIREE T ol E O AL
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HoNEhoTz. SHEDOEMEBEICIT T Z2HM EBmE L
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AR A TlE. BEEFIC om M O & B & O fil
TEWNBoTMN., WINEERHEZELS T BEET

B BRI 55 19 % 1 5, 2020]



ERMA el 75

HoleleDEEMICHEETZEDO TR A>T, R
KR T 5T LT, MEMSDIRAHM LEZRTRICH
e 5T EMNTE, KPR E L THRATNDIEH
HLUEE/NSLSTEZTLENTEEEDOD, Mikin L K
MEDRMEMNELSZD, MEBEMLTHLPT %S
TENEZEND, T, Muihs TEEPYI LD DT
RELDOTHICHELEINRE SRV, T5I1C,
FRF OB OIS DN T, KPR TR %A ICE L
NBEIT B2, ElR UK S AkORE L0 &
ENDOEEN I L 7220, RO TEELN LA
ABH L, EENOIEAMNNESSREZREEEZD
N3, TNSHORMZEIIZR L, BUGOSMFICIE Ukt
WHLEETHENRETH %,

33EMIEOEEN

TEZEBIN D 5B FY A 7V 2 A L7 Fig. 918
T, FRGERD sSm M EM D 600 BEY T/, KEGK
BR D 6m A - 8Sm M EM D 1000 5k T K & 7% o T
N7z H % & EfTR G ZEm, Eie & ZNZENniE
E—E TIEEZMICT K EZN NIV, —/, HOFEA
BALEETCREMICEDENREL, MREATEH
BIGKER 8m A T/NE L, ffds A L Tl AL 5R 8Sm #7,
KEEAER sm MBI OHFE T/ hE WV, Ll Thnid, 3.2
THINTEEBOERBEOHXEICIIEDEELZONS,
ek K URESETN LD B E A 29 ~45% CFE
33%) THH. Yoshida et al. (2018) HSHIMETN TV
528130% CEELSNT T I SETMED) L8I1FE—
KT B, SEOEITHEEL 32 TENTZEBOEFED
WG LU TN, BAHESD20 OETICEL
TeRERNE M IC KE VB O D, HEMEEEED 100m Al
#% & Yoshida et al. (2018) DK XD B Eh >z &
MO ARBEDOEICEZ T Db S,

EEBN D SR8, 5. LUFORIC & D HEM
PR & A TR PEE D BIRE2 (Fig. 10) 6

T=d (I/V1+132)+w(1/v3+1/v4) €))
P =3600w/T ©))

Fel2U, T A7)0V EAL (), d: EMEEE (m).
v REEGETHEE (m/s). v2 i ZEmETEE (m/s). w:
F#iE (m*). v3 HAIRER B 72 O A AEPETE (m¥/s) .
v4 D HNTRER B 72 0 fafds A UZERENE (m¥/s). P: A2
(m*h),

Fig. 10 5, HRL « RBUEABR & & 4m M O EREMED
REELS, MEDNEL KRB I > THEESEMES 7T
Too MRIGABR 4m M O EFEMEIE. KIUGEKER 8m # D 4=
PETEE AR o T T, REHMWICK 2 8m D
EREMETIE, RO KX D IKEFEBO A EL T T,
CNE, FOBBTEBEHREN NS A>TLES &
HTHO, BITHREA S TREETET ENTER

|Bulletin of FFPRI, Vol.19, No.1, 2020

1200 ¢
1000
800
600
400
200

FAINEA L (s)

AM 6M 8Ms 4L 6L 8L 8Ls
@AZEMGET OfES BfEEGET miisas L
Fig. 9. V991 7))L 2 A LD big

35
30
25
20
15

AFEME (m3/h)

10

0 100 200 300 400 500
EMEHE (m)

--------- 4M -==--6M - - = 8Ms 4L 6L 8L 8Ls

Fig. 10. FIZIC X 240 TRVEPEPED LR

Vo EBMEEEEE 200m & LIz EDEENEHRTHD
&L HliRRRINS KRS BT LT MUMETOD
EFEMED. 4m M TR 1.4 5, 6m M TH 1.5 %, 8m
MTid, KFEICHETET 2 LR 1.8, BEUHRDERKT
g 214G VT NOMETE EEEDM I
MELN, b RKELAELZDEX 8m M &2 KIS HE
LB Tthole, KB HZH WS Z & T, Hll
S U T 4 B E o A RAE N, Sm
MTRBEKTEOTRICE>T, EHickERMED
HiADD, —/, KEEBHTH->TE, ERMOERE
P 4am A KD AL, BHE D 4m # & LR U T AEFE
MROENEMTEL R VWA Ao, L L, Hifl
Bl Tl 4m # & IR U7z 6m. 8m M D EFEMENZ N
FNR8E, FeEFEslnicxnf L, KMEMIC &%
EENFNROE, MSE LD, KEVEHH D5 HTE
BIABEAWD/NELSEot, EXD, ERMOE
PEICH Tz > TE, KIMNEWHOGTNE L TWVBEE VWA 5,
Yoshida et al. (2018) O E Tlk. LA EEE 200m I3
W, MR EH WIS X % om MOEMEFEEIR. B
A LR T46%Mm LIz EINTVD, Aiklie



76 AT

FfREOR FRETHE T LN, 6m MEMICKEH
iz S % C i, M HEmZEN %0 LRk
JEDFNRDDH B E VR B,

4. BEbHYHIC

SEOFERTIX, BAEA LIEE2KTHRMED
HDIE EEEESE R 5Tz, 6m & 8m M TOEFEMN
DEFENINED ST, WAMEDEBNZEELTE.
B35 UNEEMNE G 75 KELHUE D J5 535050 i W A
Peix oz,

HHEGETICB VT, SEMETER KM TLHET
EEHEOMWRLEEREZEA LT A, K
RICBUITHEERIMENEL GBS EENELZ5H
AR SNz, TOMERDE NG, R H il &
DMENMESE LG EAICBEHT S C LT, Hililis
FERREANANDOEEDS LB L /25 T L DFEK & HEE X
Nz,

MABA LEEGDEEM TEOEES ., - KR
Hiliet am M TREMLSGED, MENEL K 31EE
BRUE, ¥z, SHMEICBIT B LFEME I KB O
FihEd, MATERICRS CLICEXBEEEDKT
KEKRBMEFBOHNNEL o> THEL, KUHTGDO
DERMODEFEICHELTWSZ EAHEN LTS T,
LA LBURTIE, KEEHEHTH> TERERMICE S X
EHFEMENL > TLES b, ERMOMRN 4 E
KHlz> T, XOEEDEHVEHEDLETH S, i
ZIE. WABA NEENBRICED X MBENKEL,
iR X H M (Yoshida et al. 2018) DX S ICERMTE
BMEEMES T NK S Tz A LTz, REEBRIC
B3 8m MK TFRERIC BTN E I REM D FIC
BLCETERMAZZELTCHEEBTERC NS,
BICHETE, BMOREMLICHRZIIET 5 il E
HEALLDT BRI ENEZLNS,

SENTEEEOB AL D DHRERMOEMEEICD
WTHE 2T 5 T REOY AT LGEIRICH T2 > T,
B OGBS A>TV A, BEIRZEDIA M
TOMFERBEL T2, KA, JLOEMEES T
Ll EETZ D, AVAZY MCE#T
THMIHIEENS EBDbNE, ERMEZLEET SHh
BTk, KREHW OEAZRGTRETH S0, Mt
ICHTz> T, HUE O HITE S0 BB 2 00 5
TEHZREND S,

Fio, (EXBUGHHEMIT B Lic K> T, EMIEE
HREVBBERONE XS ICk> TE R, B
CAEMROMEREEZRS & EMEBEEHAELRZEEXR
U] & AR O AEFEME D IZNE KRB T EHD
Mo, &oT, REHWHOEAICHZ-> Tk, BEMIE
HEMEWBISZ EEEICHETT 208N H 5,

th

A B
AMEICH 20 B ILRVEERARMMA S IK S o4
W& 1721572 LICEHT %, B, AWt (H
W) FRAKIFFSE - BE G B ME R AR ISR AT 7' 1 o
7 & TREE - ERMICHIG U Te iz i A2 FE Rl D BHFE
GRERE T 201422) ICKBRRTH B,

5 SRR

faH ek (1998) Faty U MR TRE PRSEEAR N
Y RT w7 AN EERE SR MR, 1197-
1202.

faH  shz (1989) JEERIEEIC 51T 2 DRI H 5%
(RFARESOM AR DWWV O) . AEEITE AMEERIR L 17 =
i PRSERER SV — X 78, JHERIESEIC 35U 2 Ry
PRI MRS L i, 249-257.

dL B - faA 1K (2009) 74 U — R K B EMEE
DAEFETEDORGEE. HABRMA S RS, 120
Pbl-51.

PR NEMCER B s (1987) b EMEDN & 2
DA T6pp.

WK - R R (2010) RAZXFHICHBT B R
T LIHER DR/ NT A—2 . SILREMKFER G
it > 2 — RIS IEFE R, 2, 10-17.

Nakazawa, M., Yoshida, C., Sasaki, T., Taki, S., Uemura, T.,
Ito, T., Yamaguchi, H., Mozuna, M., Usui, K., Inomata,
Y., Suzuki, H., Yamaguchi, S., Muneoka, H., Tanaka, Y.,
Jinkawa, M., Zushi, K. and Aiura, H. (2019) Productivity
of logging large diameter logs and long logs during final
cutting in a mountain forest in Japan. International Journal
of Forest Engineering, 30(3), 203-209.

fef W5 - HH RBA - HH O BHE R FER - EX
AREW - IRE L (20070) T4 T — X ETH
JE B BT EEBIRSIC BT 5 At AR, 21
295-298.

b - R B - W BB EE B Lk
FER - 2 FIE (2007b) 7 4 U — X OEITIEE

IR BE MRS & R DR, BRAIAEE, 22, 163-
170.
B SR - s & - kB &R -l sl 2017)

ERMEM 2 HHY & UTe REARDHESE TR
MV EREMEIC 5 R 2 8. HARM AR R A
9k, 128, P136.

Yoshida, C., Sasaki, T., Taki, S., Nakazawa, M., Uemura, T.,
Suzuki, H., Jinkawa, M., Nakashima, Y., Morooka, N. and
Zushi, K. (2018) Productivity of forwarding operation for
long logs with side-loaded forwarder. Kanto Journal of
Forest Research, 69, 67-70.

FMFR I EiRS 25 19 2% 155, 2020



Longer log forwarding productivity between different
load capacity forwarders
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Chikashi YOSHIDA ", Hirokazu YAMAGUCHI ", Masahiko NAKAZAWA ",

Masaki JINKAWA > and Kotaro ZUSHI”

Abstract

The aim of this study was to compare between different load capacity forwarders in the productivity of longer
log production and to clarify longer log productivity and the effect of the forwarder’s loading capacity or platform
dimension on productivity. We surveyed the following activities: loading to forwarder with a grapple loader or
harvester, forwarding with 6 ton load capacity as large forwarder and 4.8 ton as middle, and unloading from forwarder
with grapple loader. The produced log length classes were 6 and 8 m as longer logs and 4 m as regular length logs.
The productivity with the large forwarder was slightly higher than that with the middle in loading and unloading,
even considering the difference in log volume, probably owing to the improvement in workability because of the
broader platform of the large forwarder. Considering the driving speed in forwarding with two newly defined indices,
the greater the log length, the smaller was the velocity ratio when compared with the same loading ratio. The former
index is the ratio of forwarding speed in loading to that in unloading and the latter is the ratio of loading volume
in each cycle to that of the maximum of the machine used. The cause of this reduction in speed was presumed to
be because of the shift in the center of gravity and the resultant instability of the forwarder. The total productivity
of loading, unloading, and forwarding was the highest in the case of production of 4 m logs with both the large
and middle forwarders. However, the rate of reduction in productivity owing to the longer log was lower with the
large than with the middle forwarder. Hence, it was confirmed that large forwarders are more suitable for longer log
production.

Key words: forwarder, log length, load capacity, loading and unloading
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Frequency distribution of E grade of
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Symbol: n, number of specimens.

Table 1. MWV d, A8 L, L/d DB
Classes of the specimen depth (d), span (L), and span/specimen depth ratio (L/d).
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MEWHN—EDGA DO ENRINNT A— 2 22
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IS NPT A A R i 2P G i O

BAARMNICIZ X3 (D 8) R KD AF T HT Y,

Specimen depth d (mm) Span L (mm) L/d

Class mark Class interval Class mark Class interval Class mark Class interval
15 0-22.5 270 0-405 3 0-4.5
30 22.5-37.5 540 405-675 6 4.5-75
45 37.5-52.5 810 675-945 9 7.5-10.5
60 52.5-67.5 1080 945-1215 12 10.5-13.5
75 67.5-82.5 1350 1215-1485 15 13.5-16.5
90 82.5-97.5 1620 1485-1755 18 16.5-19.5
105 97.5-112.5 1890 1755-2025 21 19.5-22.5
120 112.5-127.5 2160 2025-2295 24 22.5-255
135 127.5-142.5 2430 2295-2565 27 25.5-28.5
150 142.5-165 2700 2565-2970 30 28.5-31.5
180 165-195 3240 2970-3510 33 31.5-345
210 195-225 3780 3510-4050 36 34.5-37.5
240 225-255 4320 4050-4590 39 37.5-40.5
270 255-285 4860 4590-5130 42 40.5-43.5
300 285-315 5400 5130-5670 45 43.5-46.5
330 315-345 5940 5670-6210 48 46.5-55.5
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Symbol: n, number of specimens.
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E5S (2014) O L/A=181CHF 5 5x=025~035 L&
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a) Relationship between the span, L, and bending strength, MOR, with the constant specimen depth, d, b)
relationship between d and MOR with constant L, and c) relationship between d and MOR with constant L/d, of
the E70 grade sugi (Japanese cedar).

Symbol: n, number of specimens.

Table 2. A%, ASTM D1990, EN 384, SCHROD JILEShAI8T X—%
Size effect parameters from this study, ASTM D1990, EN 384, and from the literature.

Length effect with
constant depth, s

Depth effect with
constant length, s 4

Depth and length effect
with constant L /d, sy

Sugi E70 (this study) 0.153 (d = 120) 0.227 (L =2700) 0.285 (L/d = 18)

ASTM D1990 0.14 0.29 043 (L/d =17)
EN 384 0.20 (L/d = 18)
Barrett and Fewell (1990) 0.17 0.23 0.4
Madsen (1992) 0.2 0 0.2
Eﬂ;’g;’k and Colling 0.15 0.15 0.3
Bury (1981) 0.4
Fewell and Curry (1983) 0.39
Barrett and Griffin (1989) 0.46
Johnson et al. (1989) 0.4

Symbols: d, specimen depth; L, span.

Note: The test conditions are shown in parentheses.
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Influence of the size effect parameter on the
bending strength of lumber

Hirofumi IDO ')*, Hideo KATO " and Hirofumi NAGAO "

Abstract

The purpose of this study was to determine the size effect parameter for the design strength that corresponds to
the Japanese Agricultural Standard for lumber. This was performed using an existing database that contains lumber
strength properties. Initially, each size effect parameter for the constant span, specimen depth, and span/specimen
depth ratio of the E70 grade sugi (Japanese cedar) was obtained using its bending strength, and each size effect
parameter was confirmed to agree with the values reported in previous studies. Then, the size effect factor was
considered with an objective to reduce the design strength based on the specimen depth. The bending strengths of
sugi, akamatsu (Japanese red pine), and Douglas fir were adjusted to the values under the standard loading conditions
using an existing adjustment formula. In addition, the 5% lower limit of the bending strength was obtained for each
species, grade, and specimen depth. The ratio of the 5% lower limit of bending strength and the design strength
corresponding to the Japanese Agricultural Standard for lumber (5% lower limit/design strength) was calculated
and compared with the size adjustment factor for the standard specimen depth of 150 mm. Thus, under the standard
loading conditions, it was inferred that the value of the size effect parameter for the size adjustment factor was
approximately 0.4-0.5.

Key words: size effect parameter, size adjustment factor, bending strength, lumber, database
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¥’Cs concentrations in the pollen of sugi (Cryptomeria japonica var.
japonica) over 5 years following the 2011 Fukushima Daiichi
Nuclear Power Station accident in Fukushima Prefecture

Yoshiyuki KIYONO "*, Akio AKAMA”, Tatsuro KANAZASHI”, Koji SHICHI ”,
Teiji KONDO ”, Hiroshi HOSHI”, Noritsugu KURAMOTO”,
Yoshitake FUIISAWA " and Shigeo KURAMOTO "

Abstract

We aimed to estimate the amount of radiocesium re-dispersed by sugi (Cryptomeria japonica var. japonica) pollen
release accurately based on measurements of sugi male flowers before pollen release. We measured the biomass and
cesium-137 (¥’Cs) concentrations in male flowers and sugi pollen in November (shortly after pollen maturity), and in
the following February (shortly before pollen release), in forests impacted by the 2011 Fukushima Daiichi Nuclear
Power Station accident. Pollen accounted for ca. %3 of male flower biomass and the *’Cs concentrations were not
significantly different between male flowers and pollen in November in the Koriyama sugi forest. The regression
relationship between male flower and pollen *’Cs concentrations was used to calculate pollen ¥’Cs concentrations for
every November—December period in the years 2011-2015 at 21 localities in Fukushima Prefecture. The sugi pollen
1¥7Cs concentration declined year on year. The concentration in the spring of 2016 was ca. 8% of the concentration in
spring 2012. The calculated *’Cs T,, (aggregated transfer factor) for the transmission of '*’Cs from the environment to
pollen was 0.0203 m? dry kg! in February 2012 and 0.00168 m? dry kg! in February 2016, based on data available in
the MEXT "¥'Cs deposition quantity distribution map.

Key words: Deposition, distribution map, male flower, phenology, radiocesium, T, (aggregated transfer factor), yearly
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variation in pollen production

1. Introduction

Radiocesium is contained in flowers (Barisi¢ et al. 1992,
Molzahn and Assmann-Werthmiiller 1993). After the 2011
TEPCO Fukushima Daiichi Nuclear Power Station (FDNPS)
accident, airborne pollen (Bunzl et al. 1993) was identified
as a dispersal vector of radiocesium (Ministry of Agriculture
Forestry and Fisheries [MAFF] 2011, Tokuma Shoten 2011, TV
Asahi 2011). Igarashi et al. (2019) also reported fungal spore
involvement in the re-suspension of cesium-137 ('*’Cs) during
summer. Many sugi (Cryptomeria japonica var. japonica) trees
grow in Fukushima Prefecture, which is of concern because
their pollen can be inhaled by humans within the vicinity of the
trees. The internal radiation dosage that results from breathing
inhalation has been calculated for people living in Tokyo (MAFF
2011, Tsuruoka et al. 2015). Male sugi flowers are formed on

current-year leaves in the June—August period. Pollen matures

Received 13 August 2019, Accepted 18 December 2019

in mid to late October (Forestry Agency 2007) and becomes
nutritionally independent in male flowers by November.
Subsequently, male flowers enter dormancy and mature after this
dormancy is broken by winter cold. Pollen is usually released
from mid to late February in Fukushima Prefecture (Ministry
of the Environment 2018). Pollen production fluctuates greatly
from year to year (Yokoyama and Kanazashi 1999, Kajimoto
and Fukushima 2015); the ability to predict pollen production is
an important element of measures used to combat sugi-pollinosis
(hay fever). Male flowers are usually observed in monitored
forests from November to December (Teiten-sugi-rin, National
Forestry Extension Association in Japan 2017, Ministry of the
Environment 2016), when they are readily observable in tree
crowns. The quantity of male flowers that will release pollen
in the following spring was estimated during the monitoring

procedure. However, the relationship between the observed
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male flower mass and the ¥’Cs content of these flowers when the
pollen is released in the following spring remains unclear. MAFF
(2011) assumed that pollen mass accounts for ca. half of the
observed male flower biomass, and that the '*’Cs concentrations

of male flowers and pollen were identical. However, there are

2012-2015 provided by the Forestry Agency research project
grant ‘Understanding actual condition of radioactive substance
in forest”). We also estimated the '*’Cs T,, (aggregated transfer
factor) for the transmission of '*’Cs from the environment to sugi

pollen.

no data to verify these assumptions. Quantification of pollen/
male flower biomass and '*’Cs concentration ratios will enable
accurate calculation of the re-dispersal of ¥’Cs mass by pollen
based on measurements of male flowers prior to pollen release.
We conducted measurements of sugi male flowers in a forest
located in Koriyama, Fukushima Prefecture on six occasions
(November 2011, February and November 2012, February
2013, November 2015, February 2016) (Fig. 1, A). This forest
was exposed to radiation released in the FDNPS accident.
Subsequently, we examined the relationships among biomass
and "’Cs concentrations in male flowers and mature pollen
in November. We estimated the *’Cs concentration of sugi
pollen dispersed in the spring in the 2012-2016 period based

on these relationships and the measured '*’Cs concentrations in

male flowers collected in the sugi forests (Fig. 1, ®) at diverse Fig. 1. Locations of sugi (Cryptomeria japonica var. japonica)

forests that were surveyed.

A, location (Koriyama) at which the cesium-137 (¥7Cs)
concentrations and biomasses of sugi male flower parts
were measured. @, locations at which yearly changes in
sugi male flower '¥’Cs concentrations were measured.

locations in Fukushima Prefecture, in the November—-December
period in each year between 2011 and 2015 (2011 data provided
by the Forestry and Forest Products Research Institute (FFPRI)
research project grant ‘Methodology development for estimating

radiocesium concentration in sugi pollen, #201128’; data for

Table 1. Measured biomasses and *’Cs concentrations in sugi (Cryptomeria japonica var. japonica) male flower parts.

2011.11 2012.2 2012.11 2013.2 2016.11 2017.2
Pollen/male flower biomass ratio (g gﬁl) - - - - 0.32 +0.05* 0.48 +0.06"
Male flower biomass (g 100 male flowers ') - - - - 1.756  1.180+0.181
Pollen biomass (g 100 male ﬂowersfl) - - - - 0.561 0.561 +0.074
Male flower husk' biomass (g 100 male ﬂowersfl) - - - - 1.196  0.620£0.149
Male flower 565 1792 +487" %231 +85° - 51 59 +52°
"7Cs concentration Pollen - 686 + 292" - 4284 +210° - "534 55°
(Bqdrykg ) Male flower husk' - 3256 + 1256° - 379 +310° - 64 + 48°
Current-year leaf 1430 - 275 +£86° 349 +227° - 20 +27°
Ratio of "*’Cs concentration in February
pollen/ 137Cs concentration in previous 1.21 1.19 1.04
November male flowers
S 5 Soma 1,
Sgiz 9’ Soma 1, Soma 1, Soma 9, Soma 1,
Futaba 4’ Iwaki 1, Iwaki 1, Futaba 4, Soma 9,
Cryptomeria japonica var. japonica clone Combined Iwaki 2’ Iwaki 7, Twaki 7, Iwald 1, Futaba 4,
P 1 Jp v 1 ’ d Minamiaizu Minamiaizu Iwaki 7, and  Iwaki 1,
Nir::ami’ ?;1 7, and 7, and Yama l.  Iwaki 7, and
a 5 20 Ken-misho  Ken-misho ~ Combined Yama 1
for *’Cs

Different lower case superscript letters identify significant pairwise differences between means in rows (#-test; P < 0.05). Different
upper case letters identify significant pairwise differences between means in columns (paired z-test; P < 0.05).
!, including anther.

FMFR I EiRS 25 19 2% 155, 2020



137

2. Materials and methods
2.1 Biomass and *’Cs concentrations in sugi male flowers
and pollen in November and the following February

Male flowers and current-year leaves were collected in
November 2011 from several flowering plus-tree clones of sugi
(Table 1) that had been planted in the progeny test demonstration
forest [established in 1969, Kawakami (2000)] of the Fukushima
Prefectural Forestry Research Centre (Koriyama City, Fig. 1,
A). Here, we define sugi leaves as young stems and branches
covered with live needle-like leaves (Kiyono and Akama 2016).
Under this definition, some sugi leaves grow into stems or
branches following the development of xylem. Male flowers
were collected in February 2012 from six clones: Soma 5, Soma
9, Futaba 4, Iwaki 2, Yama 1, and Minamiaizu 5 (Table 1). Sun-
exposed lower branches of trees on the forest edge ca. 0.6 m
long bearing leaves and male flowers were collected (as on all
subsequent occasions) and transferred to water-filled plastic
crates for separate collection of pollen and other male flower
organs (referred to hereafter as “male flower husk”) (Fig. 2). Male
flowers and current leaves were collected in November 2012 from
four clones, Soma 1, Iwaki 1, Iwaki 7, and Minamiaizu 7, and
from a non-clone sugi tree grown from a seedling (Ken-misho,
referred to hereafter as a “clone temporarily”). In February 2013,
pollen, male flower husks, and current-year leaves were collected
from the same five clones via the procedure used in February
2012. In November 2016 and February 2017, male flowers were
collected from six clones: Soma 1, Soma 9, Futaba 4, Iwaki 1,
Iwaki 7 and Yama 1 (Table 1). In February 2017, the branches of
each clone were cut and stood in water for collection of pollen,
male flower husks, and current-year leaves. We counted the
number of male flower husks on each clone on this occasion.
We sampled six sugi clones in February 2012, five during the
second procedure (November 2012/February 2013), and six
during the third procedure (November 2016/February 2017).
None of the clones bloomed well on all three occasions, likely a
reflection of the annual fluctuation in sugi male flower formation
and genetic variability. However three clones bloomed to the
same extent on the first and third occasions, and on the second
and third occasions. The provenances of the 10 clones were as
follows: 7 from Hamadori, 1 from Nakadori, and 2 from Aizu,
i.e., primarily from Hamadori, but spread throughout Fukushima
Prefecture. The clones selected were considered representative
of the sugi trees impacted by the FDNPS accident.

Collected and dried male flowers, pollen, male flower husks,
and current-year leaves of each clone were packed separately in
U-8 containers. The '¥’Cs concentrations were measured using
a high-purity germanium (HPGe) coaxial detector system at the
FFPRI. In 2011 and 2016, the male flowers from multiple clones
were combined into single samples. The '*’Cs concentrations in

the samples prepared in November 2011 and February 2012 were
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measured by the Japan Frozen Foods Inspection Corporation
(JFFIC); measurements of the remaining samples were obtained
by the FFPRI. Measured values were standardized to zero
moisture content based on our measurements of moisture content
in the samples. We selected three medium-sized male flowers as
samples from each clone in November 2016 and February 2017,
and dissected out the pollen and male flower husk with needles
under a stereoscopic microscope (SMZ 800-1; Nikon). Anthers
were included with the male flower husks. In November, a large
amount of resin was observed in the resin paths of the husks, and
the removed pollen grains were often smeared with this resin.
In February, the amount of resin was reduced and pollen/male
flower husk separation was relatively easy. The masses of the
pollen and male flower husks were measured using an electronic
balance (XS 205 DU; Mettler Toledo; max weight, 81/220 g, d =
0.01 mg/0.1 mg) and then standardized to zero moisture content.

The numbers of male flowers were not counted in November
2011, February 2012, November 2012, or February 2013. The
measured values for pollen, male flower husks, and male flower
biomasses per male flower obtained in November 2016 were
used as proxy data for November 2011 and November 2012.
Likewise, measurements made in February 2017 were used as
proxy data for February 2012 and February 2013. Since the
pollen biomasses and '*’Cs concentrations were not different
between November and the following February, the *’Cs
concentrations of male flower husks in November 2011 and

November 2012 were calculated from the '’Cs concentrations

Fig. 2. Procedure for collecting Cryptomeria japonica var.

japonica pollen from branches held standing in
water-filled crates.
Branches were separately wrapped in bags of glassine
paper (used to reduce static electricity) (18 x 38 cm,
Rizo, Inc.; http://www.rizo.co.jp/crossingbag.html). The
bag openings were closed with cotton and copper wire,
after which the branches were transferred to water-filled
crates in a laboratory held at ca. 23°C during working
hours (8:30-17:15) on weekdays. The water level in
the crates was maintained over time. Most pollen was
released into the bags within 3 weeks.
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of male flowers (measured in each November) and pollen
(measured in each following February), and the pollen/male
flower biomass ratio measured in November 2016. The male
flower '¥’Cs concentration in February 2013 was estimated from
(1) the pollen and male flower husk *’Cs concentrations at that
time and (ii) the pollen/male flower biomass ratio measured in
February 2017. Using these calculated values, the pollen, male
flower husk, and male flower '¥’Cs contents (product of biomass
and 'Cs concentration) were estimated for November 2011,
February and November 2012, and February 2013.

2.2 Estimating the '¥Cs concentration in sugi pollen
released in spring during the period 2012-2016

FFPRI and MAFF collected male sugi flowers in the
November—December period of every year between 2011 (132
localities in sugi forests) and 2015 (21 localities) in Fukushima
Prefecture, and measured the '*’Cs concentrations in the tissues
(Akama et al. 2013, Akama et al. 2017). Leaves have also been
collected since 2012. In our work, we selected 21 localities
(Fig. 1, @) in which the survey continued for 5 years, to identify
inter-annual changes in'’Cs concentrations. Sugi trees from
which samples were collected were not necessarily those
sampled in the previous years.

The 21 localities in our study had 14 granite and other
plutonic rock types, 3 sedimentary rocks, 2 metamorphic rocks,
1 igneous rock type, and 1 Jurassic accretionary complex
(Geological Survey of Japan 2014). The pollen/male flower
¥7Cs concentration ratio obtained in the Fukushima Prefectural
Forestry Research Centre forest was used in the calculations to
estimate the pollen '*’Cs concentrations over 5 years. A few male
flowers dropped during the period from male flower maturity to
pollen release, but we did not consider the implications of this

phenomenon.

2.3 Transmission of '¥Cs to sugi pollen

The '¥"Cs deposition data after July 2, 2011 in the 21 localities
(Fig. 1) were obtained from a distribution map of '*’Cs deposition
in the region (Ministry of Education, Culture, Sports, Science
and Technology, MEXT 2018). The mean value between the
upper and lower limits of a given deposition class constituted
the deposition value and was used in the analyses. The sugi
pollen *’Cs concentration (see 2.2)/"*’Cs deposition ratio was
determined for each year in the period 2012-2016 to provide
37Cs aggregated transfer factors (T,s) for '’Cs transmission

from the environment to sugi pollen.

Decay corrections for all '*’Cs concentrations were made on 1
February 2017. We used an online tool (http://www.civilworks.
jp/freetool/freetool.htm#normal) to test the normality of the data

distribution.

3. Results
3.1 Biomass and *’Cs concentrations in sugi male flowers
and pollen in each November and each following
February

Biomass per male flower decreased between each November
and each following February (Fig. 3a). Since we assumed the
pollen status to be unchanged, the male flower husk biomass
therefore decreased. The ratio of pollen biomass to male flower
biomass increased as male flowers matured: 0.32 + 0.05 in
November and 0.48 + 0.06 in February (Table 1) (P < 0.0001,
n = 6). The male flower '"Cs concentration was higher in
cach February than in each previous November (Fig. 3b) due
to the increase in *’Cs concentration in the male flower husk.
The increase in the period November 2011-February 2012
was especially large. The quantities of '*’Cs per male flower
and per male flower husk increased in the period November
2011-February 2012 (Fig. 3c), but were lower in the periods
November 2012—-February 2013 and November 2016—February
2017. We found no significant difference in the current-year leaf
1¥7Cs concentration between November 2012 and February 2013
(Fig. 3d, Table 1).

Both the concentrations and quantities of *’Cs decreased
(Fig.3b,c; Table 1) year onyear. The decline was rapid immediately
after the accident. Similar trends in *’Cs concentration occurred
in the current-year leaves (Fig. 3d, Table 1).

The '"’Cs concentrations were not significantly different
between (a) November 2012 male flowers and current-year
leaves and (b) February 2013 pollen (paired #-tests, P = 0.152—
0.898, n =15, Fig. 3b,d).

The pollen/male flower *’Cs concentration ratios were high in
November and low in the following February (Fig. 4), reflecting
the increase in *’Cs concentration in male flower husks from
November through the following February. The difference in
137Cs concentration ratio between November and the following
February was smaller in later years. The pollen/November male
flower 'Cs concentration ratio was ca. 1.2 in the first and
second years after the FDNPS accident and close to 1.0 in the
fifth year (Table 1). Using the duration of time after the accident
as a parameter, we constructed a regression model to calculate

the pollen/November male flower '*’Cs concentration ratio:

Pollen/November male flower '*’Cs concentration ratio =
1.27 exp (-0.0000895T); (R2=0.9292, P=0.171,n=3) (1)

where T is the number of days since March 11, 2011.
Since there were so few data points (n = 3), the slope of

the regression line was not significant, but the coefficient of

determination (R?) was large.
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3.2 Estimating the '¥’Cs concentration in sugi pollen
released in spring during the period 2012-2016
The sugi male flower and current-year leaf '*’Cs concentration
data for Fukushima Prefecture were not normally distributed in
any of the years; the distributions may have been lognormal
(D’ Agostino-Pearson test, K* < 5.991, P> 0.050; Anderson and
Darling test, 4> < 0.752).

|Bulletin of FFPRI, Vol.19, No.1, 2020

Current-year leaf. Closed symbols represent measured values and open

When we divided the 21 localities into (a) 11 with high
male flower *’Cs concentrations (2,600-130,000 Bq dry kg™)
in the period November—December 2011 and (b) 10 with low
¥7Cs concentrations (97-2,500 Bq dry kg'), we found that
the logarithmic-mean '*’Cs concentrations of male flowers and
current-year leaves decreased over time (Fig. 5a,b). The trends
were similar between the two categories of localities: the mean
concentration decreased exponentially with time. We therefore
calculated the logarithmic means and standard deviations (SD)
of the male flower *’Cs concentrations across the pooled set of
localities (Fig. 6).

We predicted the logarithmic means (+ SD) of current-year
leaf ¥’Cs concentrations, the male flower *’Cs concentrations,
and the estimated pollen *’Cs concentrations by inserting the
male flower '*Cs concentrations into equation (1). The *’Cs
concentrations of current-year leaves, male flowers, and pollen
declined over time in the November—December periods from
2011 through 2015 (Fig. 6). The '¥’Cs concentrations in the three
plant components varied significantly, except in 2013: male
flower < pollen (P = 0.008-0.021, n = 21), current-year leaf <
pollen (P =0.006-0.038, n = 21).
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3.3'¥Cs aggregated transfer factors (T.s) for '¥7Cs
transmission from the environment to sugi pollen

The coefficient ¥’Cs T, decreased exponentially over time

after the accident (Fig. 7). The coefficient of variation (CV)

of T,, was unrelated to time since the accident (P = 0.737, n =
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Fig. 7. ¥'Cs point-in-time aggregated transfer factor (T,
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Cryptomeria japonica var. japonica pollen.
The plot provides logarithmic means = SD for the pollen
37Cs  concentration/deposition (MEXT 2018) ratios
across 21 C. japonica var. japonica forests in Fukushima
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5). The relationship between the T,, and the quantity of '*’Cs
deposited was not significant in any year (P = 0.091-0.567, n =
21). The T,, was not significantly different between plutonic (n
= 14) and sedimentary rocks (n = 3) (P = 0.217-0.995), and no
trends were detected for igneous rocks (7 = 1). The mean (+ SD)
T, value was 0.0203 = 0.0121 m? dry kg in February 2012 and
0.00168 £ 0.00926 m? dry kg!' in February 2016.

4. Discussion
4.1 ¥7Cs in sugi male flowers during the period between
pollen maturity and pollen release

Old leaves and branches of sugi usually die in the fall (Tange
et al. 1989, Kaneko et al. 1997). Before leaf death, compounds
in the withering leaves are transported to the surviving organs.
Since the biomass per male flower was reduced in the periods
from November through the following February (Fig. 3a, Table
1), it is likely that material resorption occurred in male flowers"
as well as in leaves. The amount of resin in male flowers fell
between November and the following February.

In Osmundajaponica (Kiyono etal.2018a), Petasites japonicus
(Kiyono et al. 2018b), and Eleutherococcus sciadophylloides
(Akama and Kiyono 2015, Kiyono et al. 2019), the '*’Cs tends
to remain in dead leaves. This has not been reported for sugi.
Potassium and Cs is thought to behave similarly in sugi leaves
(Yoshihara et al. 2016); we found that K concentrations in male
flowers, female flowers, and leaves were higher than in trunks,
branches, and roots (Appendices 1 and 2). Between November
and the following February, the male flower K concentration
appeared to increase in comparison with other elements, such as
N (Appendix 3). We therefore propose that *’Cs likely remained
in the dying tissues of sugi (see Fig. 2 in Yoshihara et al. 2016).

The *’Cs concentration of the male flower husks was higher
in February than in the previous November (Fig. 3b, Table 1).

The increase in concentration was especially large in the period
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from November 2011 through the following February. The
amount of *’Cs in male flower husks increased over this period
(Fig. 3c, Table 1). Since less than a year had passed following
the accident, new '*’Cs absorption likely occurred through
both the roots and above-ground plant surfaces (Mahara et al.
2014, Sekiyama et al. 2016, Wang et al. 2016). Consequently,
the quantity of '*’Cs in whole individuals, and in leaves that
were nutritionally close to the male flower husks, may have
increased during that time. '¥’Cs adhering to the ante-3.11 leaves
that existed before the accident (Kiyono and Akama 2016)
was almost entirely lost in the 3 years following the accident
due to rain wash-off and leaf death (Kiyono and Akama 2016,
Yoshihara et al. 2016). A proportion of the '*’Cs adhering to the
leaf surfaces in the November 2011-February 2012 period would
have been transferred to the plant body, and probably accounts
for increases in the '¥’Cs concentration in the male flower husks
after November. The increases in *’Cs concentration in male
flower husks between November and the following February
declined over time, becoming negligible in the period from
2016 to 2017, likely because the transfer of new *’Cs from the
environment to sugi was reduced. Thus, the concentration in

each component of the trees appeared to have stabilized.

Note 1) A similar phenomenon was observed in the fruit of
Akebia trifoliata (Kiyono and Akama, unpublished data). The
moisture content proportion in the fruit was 0.24, and the biomass
was 19.6 dry g fruit”!, immediately before the fruit opened. The
moisture content proportion of opened fruit was 0.12 and the

biomass was 9.7 dry g fruit!.

4.2 Evaluation of previous assumptions on the quantitative
relationship between sugi male flowers and pollen

In a press release issued in late 2011, the MAFF (2011)
assumed that pollen biomass accounted for 50% of male flower
biomass. According to our findings, this was an overestimate
for male flowers in the November—December period, when
pollen accounted for about one third of flower biomass (Table
1). However, the assumption of the MAFF that the "’Cs
concentration in sugi pollen was the same as the concentration
in male flowers during these months was reasonable (Table 1).
Thus, the amount of '¥’Cs contained in airborne pollen was 60—
70% of the value proposed by the MAFF (2011).

4.3 Relationship between '¥Cs concentrations in sugi
male flowers and pollen in November
We found no significant difference in *’Cs concentration
between male flowers and pollen in November (Fig. 3b, Table
1). Since pollen becomes nutritionally independent in the male
flower by November, the '¥Cs concentrations in male flower

husks and pollen were considered to be similar. After the male
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flowers had matured, and as the resorption of materials from
male flower husks to leaves progressed, the difference in *’Cs
concentration between pollen and male flower husks widened. We
applied equation (1) (using values for male flowers in November
in Fig. 6) to the male flower data for the November—December
period. The pollen concentration predicted by equation (1) may
be an overestimation. The coldness of winter is related to the
breaking of dormancy, and warming after the dormancy break is
related to the subsequent maturation of male flowers (Kanazashi
etal. 2016). Since some male flowers might end dormancy in the
November—December period, the rate of subsequent maturation
depends to some extent on weather conditions. Hence, the
pollen concentrations in Figs. 6 and 7 incorporate uncertainties
resulting from differences in meteorological conditions in the

sugi habitat and the year in which male flowers bloomed.

44Time since the accident and the radiocesium
concentration in sugi pollen

The concentration of ¥’Cs in the current-year leaves (Appendix
4) and male flowers declined over the years after the accident
(Akama et al. 2017). We found that the decline in concentration
in mature pollen was similar to that in male flowers (Fig. 6). The
supply of *’Cs can vary by habitat soil (Saunton et al. 2003,
Salt et al. 2004, Yamaguchi 2014) and geology, as found for
Eleutherococcus sciadophylloides (Kiyono et al. 2019): shoot
137Cs concentrations become higher in habitats with plutonic
(Kawamata) and igneous rocks (Kaneyama) than in those
with sedimentary rocks (Hirono). However, we did not detect
similar habitat effects on sugi pollen in our study. The pollen
1¥7Cs concentration in February 2016 was 8% of that in February
2012 (Fig. 6). Differences in the initial '*’Cs concentration had
little effect on the rate of decrease over time (Fig. 5). It was
predicted that over 90% of '*’Cs in ante-3.11 leaves would be
removed within 3 years of the FDNPS accident (Kiyono and
Akama 2016). Transfer from '*’Cs deposits in bark would have
continued, even after transfer from the leaves over the short term
had decreased. However, within 3 years of the FDNPS accident,
the amount of '¥’Cs in bark was less than in leaves (Kajimoto
et al. 2015) and the amounts of 'Cs transferred from bark
would therefore be relatively small. By about March 2014, root
absorption would have been the main supply source of “’Cs
to the plant body of sugi. The *’Cs distribution in sugi wood
approached an equilibrium state within 3 years of the accident
(Ogawa et al. 2016), but such equilibrium state was not observed
in the same period in some other sugi forests (Imamura et al.
2017, Ohashi et al. 2017).

The decrease in '*’Cs concentration in male flowers and pollen
matched the decrease (Mahara et al. 2014, Imamura et al. 2017)
in sugi leaf '¥’Cs concentrations. However, pollen production

varies greatly from year to year; summer weather conditions in
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the two preceding years greatly influence the amount of pollen
produced (Takahashi et al. 1996, Takahashi and Kawashima
1999, Kiyono 2010). The amount of pollen captured in
Fukushima City between 2012 and 2016 was highest in 2013
(Hanako, Ministry of the Environment 2016), but we found no
clear trends in the '¥’Cs concentrations in sugi male flowers and
pollen in 2013 (Figs. 3—7). The influence of fluctuations in pollen
production on pollen '*’Cs concentration was not determined in
detail in our study (see Appendix 3).

We found no significant difference in the current-year leaf '*’Cs
concentration between November and the following February
(Fig. 3d, Table 1). During this period, the current-year leaf *’Cs
concentration appeared more stable than the concentration in
male flowers. The current-year leaf '*’Cs concentration in sugi
forest was higher than that of pollen in November 2011, but the
concentrations were not significantly different after November
2012 (Fig. 3b,d; Table 1). However, data obtained in our broad
area survey over 21 localities in Fukushima prefecture showed
that '¥Cs concentrations were low in the current year leaves
in most cases since November 2012 (Figs. 5 and 6). Since
concentrations in current year leaves and pollen showed similar
trends over the years, the current year leaf 1*’Cs concentration in
November may be useful for estimating the '*’Cs concentration
in pollen released in the following February. Kanasashi et al.
(2015) found that within the period from November 2012 to
February 2013, in regions partially overlapping those included
in our study and extending over a wide area of eastern Japan
(mostly in Fukushima Prefecture), the '’Cs concentration
in leaves was lower than concentrations in male flowers and
pollen. However, the '*’Cs concentration at the tips of the leaves
that produced male flowers was higher than the concentrations
in male flowers and pollen. ¥’Cs concentrations differ among
leaf parts (Burger and Lichtscheidl 2017). Studies of leaf parts
that could be used as an appropriate indicator of pollen *’Cs

concentration should be undertaken in future investigations.

45"Cs aggregated transfer factors (T,gs) for '¥7Cs
transmission from the environment to sugi pollen

The '¥7Cs T, declined year on year from February 2012 through
February 2016, and had not reached an equilibrium state by the
fifth year after the FDNPS accident (Fig. 7). After the Chernobyl
accident, it took 5—10 years for the movement of ¥’Cs dispersed
among trees and soils of the polluted forests to stabilize (IAEA
2009). The coefficients calculated for the unbalanced stage were
accompanied by large errors (Yoshida 2012). Therefore, the
values in Fig. 7 are temporal and applicable only to the relevant
year. However, there were no significant inter-annual trends in
137Cs T, within a deposition range of 5-4,500 kBq m (as of July
2, 2011). Since the data on '*’Cs deposition covered almost all

sugi forests in eastern Japan, including Fukushima Prefecture,

pollen *’Cs concentrations in eastern Japan can be estimated
from '¥’Cs deposition data in the Extension Site of Distribution
Map of Radiation Dose, etc.,/GSI Maps (MEXT 2018) and the
T, for the relevant year (Fig. 7). Multiplication of these data and
pollen biomass (about '3 of the male flower biomass) provides
an estimate of the "’Cs content of sugi pollen in a single year
over a wide area before pollen release. For example, sugi pollen
released in spring 2016 from a sugi forest where the *’Cs
deposition was 800 kBq m™ on July 2, 2011 was calculated to
contain ca. 1,180 Bq dry kg™ of 1*’Cs based on the known "*’Cs
deposition (704 kBq m after attenuation correction) and a T,, of
0.00168 m? dry kg™ as of 2016.

5. Conclusions

There are few data on *’Cs in flower organs. Based on the
measurements made on male flowers before pollen release, we
were able to more precisely estimate the amount of ¥’Cs released
by sugi pollen than previous investigations. It might be possible
to estimate pollen '*’Cs concentration from the current-year leaf
1¥7Cs concentration, but this will require rigorous verification in
future studies. The transfer of 1*’Cs from the environment to sugi
pollen had not stabilized 5 years after the accident, and further
monitoring will be required to determine the '*’Cs T,, value in the
equilibrium state. The '*’Cs concentration of sugi pollen should
be lower in the future, but pollen production fluctuates year on
year, and the '¥7Cs mass released by pollen fluctuates accordingly.
The relationship between sugi pollen production and pollen *’Cs

content is unknown and awaits future investigations.
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Appendix 1. C, N, P, K, Ca, Mg, Na, and Mn concentrations
in organs of Cryptomeria japonica var. japonica and
Chamaecyparis obtusa.

In July 2001, trees in the young forests of Cryptomeria
Japonica var. japonica (sugi) and Chamaecyparis obtusa (hinoki)
(Table A1-1) in the nursery of the Chiyoda Experimental Station
of FFPRI in Kasumigaura City, Ibaraki Prefecture were divided
into three size classes per species. A sample tree was dug out
from each compartment containing two species and trees of
three size classes. Simultaneously, GA; (gibberellic acid) was
sprayed on the leaves to promote flowering in some of the live
standing trees; similar numbers of trees were used as controls. In
the period February—March 2002, three sprayed trees and three
control trees in three size classes of both species were sampled.
The sampled trees were divided into organs: male flowers, female
flowers (since male and female hinoki flowers were difficult to

distinguish, they were combined into a single flower category),

leaves, branches, stems, and roots. The concentrations of C, N,
P, K, Ca, Mg and Mn were measured (Table A1-2, Vegetation
Control Laboratory, FFPRI). A CN elemental analyzer was used
to measure C and N; P was measured by inductively coupled
plasma emission spectroscopy (ICP); flame photometry was used
to measure K and Mn; atomic absorption spectrometry was used

to measure Ca and Mg (Ringyo Kagaku Gijutsu Shinkosho).

Table A. 1-1. General description of surveyed trees.

Sampling DBH  Tree height Tree biomass

Species  Treatment

date cm m dry kg tree’’
2001.7 Sugi 27+08 29+07 28+1.3
2002.2 Sugi  2001.7 GA; 29+0.8 32+0.6 41+14
2002.2 Sugi 3109 3.1%0.6 43+2.0
2001.7  Hinoki 20+£03 27£02 33+0.6
2002.3 Hinoki 2001.7 GA; 2.8+0.5 2.9+09 3.5+1.1
2002.3 Hinoki 2603 28=+1.5 3.5+£0.7

Values are mean + SD. Sugi, Cryptomeria japonica var. japonica.
Hinoki, Chamaecyparis obtusa. DBH, diameter at breast height.

Table A1-2. C, N, P, K, Ca, Mg, Na, and Mn concentrations in organs of Cryptomeria japonica var. japonica and Chamaecyparis

obtusa.
Sampling . GA,; Sample C N K Ca Mg Na Mn
date Species treatment Organ trees % % % % % % %

2002.2 Sugi 2001.7 Male flower 3 51.8+1.0 0.74+0.04 0.20 +0.01 0.84+0.04 0.50+0.06 0.20+0.05 0.0050+0.0010 0.0036 = 0.0007
2002.2 Sugi - Male flower 1 52.6 0.74 0.91 0.37 0.17 0.085 0.0025
2002.2 Sugi 2001.7 Female flower 3 493+1.1 1.15+0.13 0.27 +0.01 0.95+0.08 123+034 030+0.05 0.0026+0.0006  0.0057 + 0.0004
2002.2 Sugi - Female flower 3 49.7+0.3  1.04+0.59 0.18 +0.13 0.57+£0.38 0.91+030 0.20+0.12 0.0079+0.0027  0.0034 +0.0012
2001.7 Sugi - Leaf 3 523+0.6 0.97+0.04 0.19 +0.08 0.64+0.19 1.13+0.12 0.18+0.02 0.0054+0.0011  0.0024 + 0.0003
2002.2 Sugi 2001.7 Leaf 3 51.1+04  0.78+0.07 0.22+0.03 0.69+0.13 1.06+0.20 0.20+0.02 0.0012 +0.0007 0.0019 +0.0004
2002.2 Sugi - Leaf 3 51.3+£02  0.80+0.01 0.22 +0.03 0.65+0.08 1.20+0.19 0.19+0.03 0.0045+0.0005  0.0020 + 0.0001
2001.7 Sugi - Branch 3 49.8+0.5 0.47+0.05 0.069 £ 0.020 0.29+£0.07 0.90+0.29 0.103+0.050 0.0004 +0.0006  0.0008 + 0.0001
2002.2 Sugi 2001.7 Branch 3 495403  0.44+0.03 0.050 + 0.005 0.22+0.02 0.73+0.10 0.086+0.013 0.0047 +0.0027  0.0007 + 0.00003
2002.2 Sugi - Branch 3 499+0.3  0.47+0.02 0.059 £ 0.006 0.28+0.03 0.78+0.05 0.084=0.013 0.0023 +0.0040  0.0009 = 0.00005
2001.7 Sugi - Stem 3 50£1 0.34 0.1 0.023 £0.001 0.16£0.03 0.35+0.06 0.038 +0.004 ND 0.00056 % 0.00015
2002.2 Sugi 2001.7 Stem 3 50+0.2 0.34 +0.02 0.022 +0.01 0.12+£0.02  0.38+0.03 0.041 +0.007 ND 0.00051 £ 0.00005
2002.2 Sugi - Stem 3 50+0.3 0.34 +0.02 0.028 +0.01 0.11+0.01 0.43+0.04 0.039+0.002 ND 0.00053 + 0.00007
2001.7 Sugi - Root 3 492+0.1  0.35+0.04 0.032 +0.003 0.23+£0.02 0.49+0.10 0.057+0.008 0.0067 +0.0027  0.0040 + 0.0008
2002.2 Sugi 2001.7 Root 3 49.6+0.3 0.33+0.03 0.024 +0.008 0.13+0.05 0.45+0.05 0.048=0.005 0.0058 +0.0020 0.0022 + 0.0004
2002.2 Sugi - Root 3 50.5+1.1  0.68+0.36 0.119+0.097 0.41+0.31  0.77+0.35 0.110+0.010 0.0040 +0.0037  0.0041 + 0.0034
2002.3  Hinoki  2001.7 Flower 2 51+2 2.1+0.7 0.36+0.14 0.84+0.29 0.57+0.09 0.17+0.02 0.0057+0.0011  0.0051 +0.0019
2002.3 Hinoki - Flower 2 49.9+0.01 1.6 £0.04 0.31 +0.06 0.64+0.12 0.89+0.03 0.20+0.05 0.0097+0.0114 0.0097 +0.0029
2001.7  Hinoki - Leaf 3 522406 1.21+0.27 0.16 £ 0.02 0.59 +0.08 1.1+£0.3 0.17+0.02  0.0052+0.0019  0.0114 +0.0011
2002.3  Hinoki ~ 2001.7 Leaf 3 51.0£0.5  1.01+0.09 0.23£0.11 0.53 £0.06 1.1+0.2 0.15+0.01  0.0037 £0.0030  0.0073 + 0.0002
2002.3  Hinoki - Leaf 3 51.2+£1.0  0.86+0.06 0.20 £ 0.08 0.51 +0.08 1.2+0.3 0.14+0.02  0.0028 £0.0010  0.0098 + 0.0013
2001.7  Hinoki - Branch 3 50.6+0.3  0.42+0.02 0.051+0.012 0.24+0.01 0.72+0.16 0.045+0.006 ND 0.0020 + 0.0003
2002.3  Hinoki ~ 2001.7 Branch 3 50.1+0.1  0.47+0.02 0.048 £ 0.009 0.18+0.02  0.76+0.09 0.038+0.001 0.0067 +0.0017  0.0015 + 0.0002
2002.3  Hinoki - Branch 3 504+02 0.44+0.02 0.041 +0.007 0.16+0.01  0.81+0.05 0.039+0.001 0.0080+0.0067  0.0021 + 0.0006
2001.7  Hinoki - Stem 3 49.8+0.3  0.33+0.02 0.024 +0.007 0.15+0.01  0.33+0.04 0.020 +0.003 ND 0.00012 + 0.00005
2002.3  Hinoki ~ 2001.7 Stem 3 49.6+0.1  0.39+0.01 0.046 + 0.006 0.13+0.02 0.42+0.04 0.025+0.001 0.0007 +0.0012  0.0012 + 0.0002
2002.3 Hinoki - Stem 3 499+02 0.35+0.03 0.034 +0.005 0.12+0.02 0.45+0.08 0.022+0.001 ND 0.0015 £ 0.0001
2001.7  Hinoki - Root 3 50.2+0.3  0.40+0.05 0.050 £0.015 0.21+0.03 0.39+0.10 0.070+0.023 0.0053 +0.0021  0.0071 + 0.0045
2002.3  Hinoki ~ 2001.7 Root 3 49.9+0.1  0.35+0.01 0.036 +0.011 0.10+0.02  0.31+0.04 0.036+0.005 0.0038+0.0021  0.0025 + 0.0002
2002.3  Hinoki - Root 3 49.5+0.2  0.36+0.01 0.041 +0.010 0.12+0.03  0.37+0.04 0.046+0.002 0.0025 +0.0002  0.0036 + 0.0008

Values are mean £+ SD. Sugi, Cryptomeria japonica var. japonica. Hinoki, Chamaecyparis obtusa. GA3 treatment, sprayed with

gibberellic acid.

Appendix 2. C, N, P, K, Ca, Mg, and Mn concentrations
in organs of Cryptomeria japonica var. japonica (Bokasugi
clone).

GA; was sprayed on the leaves (in July 2002, 2003, and 2004)
of some of the live standing trees in a Cryptomeria japonica var.
Jjaponica (Bokasugi clone) forest (Kiyono et al. 2006) established
in April 2002 in the nursery of FFPRI in Tsukuba City, Ibaraki
Prefecture. The spray was applied to promote flowering (Table

A2-1). Twelve individuals in February 2004 and ten individuals

in February 2005 were harvested and separated into organs:
male flowers, female flowers, leaves, branches, stems, and roots.
The concentrations of C, N, P, K, Ca, Mg and Mn elements
were measured for each organ (Table A2-2, Vegetation Control
Laboratory, FFPRI). A CN elemental analyzer was used to
measure C and N; P was measured by ICP; flame photometry
was used to measure K and Mn; atomic absorption spectrometry
was used to measure Ca and Mg (Ringyo Kagaku Gijutsu

Shinkosho). A negligible number of flowers formed after the
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GA; treatment in July 2004. The mean monthly temperature and
monthly rainfall during the test period differed little from normal

values, although precipitation in October 2004 was especially

heavy.

Table A2-2. C, N, P, K, Ca, Mg, and Mn concentrations in organs of Cryptomeria japonica var. japonica

(Bokasugi clone).

137

Cs concentrations in the pollen of Cryptomeria
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Table A2-1. Schedule of GA; (gibberellic acid) spraying and
subsequent sampling of Cryptomeria japonica
var. japonica (Bokasugi clone) trees.

Abbrev.

2004.7

2005.2

Treatment Treatment Sample trees Treatment Sample trees

2-/4
--3/4
23/4
— /4
2-/5
3.5
45
2-4/5
-34/5
/5

2002.7 20037 20042
GA, 2
GA, 4
GA, GA, 2
4
GA,
GA,
GA,
GA,

GA,
GA,
GA,

NN = NN —

Sal:{i:ng GA,; treatment Organ S:::sle O/CD ;I] 01/)0 50 Cozl I\&g l\oin

2004.2 2002.7 Root 2 50=1 064012 0069£0.007 025001 046<0.04 00510008  0.0025%0.0020
20042 2003.7 Root 4  50=1 0612004 0067+0013 027+0.10 052£0.08 00550006  0.0022+0.0011
20042 20027,20037  Root 2 491  068+0.12 0.068£0003 027002 0.53£007 0058=0.005  0.0027 % 0.0008
2004.2 ; Root 4  50:1 064013 0.067+0.013 028005 046+0.04 00570010  0.0027=0.0013
2004.2 2003.7 é\gi‘vl:r 4 55404 13402 0192002 0924028 0422020 0104002  0.0015%0.0001
20042 2002.7,2003.7 ggi‘vl:r 2 54202 13402 0.07£002 0974002 040£003 0114001  0.0018+0.0001
20042 2003.7 Fﬂe:;f‘: 4 51505 17402 0214002  089£024 077£0.01 014001  0.0026+0.0005
20042 2002.7,2003.7 };?;f‘elf 2 51202 18501 0182001 0832039 0522027 0124003  0.0021+0.0007
2004.2 2002.7 Leaf 2 512005 158%0.07 0.31£0022 078=0.16 122£004 00900010  0.0021 =0.0004
20042 2003.7 Leaf 4 51203 148+0.00 013220013 0894023 1.07=005 0.068+0.011  0.0018:0.0001
20042 20027,20037  Leaf 2 S1£0.0 1504003 0.132£0027 080=0.13 1.15£022 0088=0.017  0.0016=0.0004
20042 : Leaf 4 52202 146+0.02  0.115£0003 075+0.14 LI4£0.16 0.091£0.014  0.0020+0.0003
2004.2 2002.7 Branch 2 50£03 098£001 007820010 047£0.02 088007 0.060£0012  0.0010%0.0001
2004.2 2003.7 Branch 4  50£03 089015 007320004 045£009 080=0.10 0.051£0010  0.0009%0.0001
20042 20027,20037 Branch 2 50+0.5 086+0.15 007320002 045009 084£003 00570003  0.0010=0.0001
2004.2 ; Branch 4 51402 0.86£008 0070£0014 042£0.09 078012 0.066+0.014  0.00100.0002
2004.2 2002.7 Stem 2 50+1  051£0.12  0053£0017 025:0.05 047007 0.036+0.004 000055 +0.00023
20042 2003.7 Stem 4 50+1 0512006 004840007 022+0.04 046+008 0.034+0.005 000065 +0.00022
20042 20027,2003.7  Stem 2 50£1 0434001 0.033£0.003 0.I5+006 045+0.07 0.029+0.007  0.00055 % 0.00016
20042 : Stem 4 50+1 0472006 0041£0007 0192003 041004 0.036+0.004 000059 +0.00015
2005.2 2002.7 Leaf ! 50 1.29 0.091 0.66 130 0.088 0.0018
2005.2 2003.7 Leaf 2 50403 L14£031 02220023 076007 111£0.08 0.122£0026  0.0019%0.0001
2005.2 2004.7 Leaf 2 50£02 129£004 010720005 080=0.03 139011 0.077£0.005  0.0020=0.0002
20052 20027,20047  Leaf ! 50 1.34 0.099 0.74 1.24 0.073 0.0015
20052 2003.7,20047  Leaf 2 50+0.0 141010 0.116£0.008 085002 123£023 01120056  0.0022=0.0010
2005.2 ; Leaf 2 50403 1354005 01010008 0844006 1.08£009 0.11240.030  0.0017+0.0001
2005.2 2002.7 Branch 1 4 0.54 0.044 029 0.77 0.041 0.00067
2005.2 2003.7 Branch 2 4902 043017 00400003 031002 0730002 00500020  0.00068+0.00016
2005.2 2004.7 Branch 2 4545  044£006 0.039£00002 029£005 078006 0.037£0.001  0.00057 £ 0.00001
20052 20027,20047 Branch 1 49 0.49 0.038 028 0.76 0.039 0.00055
20052 2003.7,20047 Branch 2 49+03 053001 0.040+0.002 030003 073:001 00530016 0.00070=0.00010
2005.2 : Branch 2 49£0.1 050£004 00360001 027£004 069010 0.047£0011  0.00063 0.00006
2005.2 2002.7 Stem ! 50 0.35 0.032 020 0.35 0.024 0.00060
2005.2 2003.7 Stem 2 50403 0294009 0026+0.006 0.18£0.02 0324003 0.028+0.008  0.00053 £ 0.00011
2005.2 2004.7 Stem 2 50£02 02940002 00280003 0.16+0.01 036+008 0.024+0.004 000059 +0.00003
20052 2002.7,20047  Stem ! 50 0.39 0.036 021 0.36 0.026 0.00073
20052 20037,20047  Stem 2 50£1 034006 0.030£0007 0.19+£007 038£0.05 003240010 0.00062 % 0.000001
2005.2 : Stem 2 50£04 035£001 00290003 0.18+001 038001 0.028+0002  0.00060 % 0.00017
2005.2 20027 Root 1 49 041 0.044 0.28 0.40 0.039 0.00226
2005.2 2003.7 Root 2 5003 0332012 0.031£0008 0.9+003 038£0.04 00390005 0.00143%0.00053
2005.2 2004.7 Root 2 4902 033014 0.035+0015 025+009 0450003 00380003 0.00189 % 0.00005
20052 20027,20047  Root | 49 047 0.043 0.24 0.48 0.041 0.00173
20052 2003.7,20047  Root 2 491 035002 0.032£0.005 020+002 035+0.003 0033+0001  0.00144+0.00027
2005.2 : Root 2 49402 0320005 0.028+0.003 018002 033+0.09 00310001  0.00166=0.00014

Values are mean + SD. GA; treatment, sprayed with gibberellic acid.
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Appendix 3. Temporal changes in C, N, P, K, Ca, Mg, and Mn
contents in Cryptomeria japonica var. japonica male flowers.

We sampled Cryptomeria japonica var. japonica (Kurakake 3
clone) in a forest established in April 2002 at the FFPRI nursery
in Tsukuba City, Ibaraki Prefecture. Four trees of similar size
were selected and male flowers were collected on February 14,
2008, November 21, 2008, and February 11, 2009. We measured
concentrations of C, N, P, K, Ca, Mg, and Mn in the flowers.
A CN eclemental analyzer was used to measure C and N; P was
measured by ICP; flame photometry was used to measure K and

Mn; atomic absorption spectrometry was used to measure Ca

and Mg (Ringyo Kagaku Gijutsu Shinkosho). The concentration
ratios for February 2009/November 2008 were 0.99 + 0.24
[mean + SD] (n =4) for N, 0.96 + 0.24 (n = 4) for P, 1.06 £ 0.23
(n=4) for Ca, 0.94 = 0.11 (n = 4) for Mg, and 0.79 + 0.27 (n =
4) for Mn. Concentrations were similar between November 2008
and February 2009. The ratio for K (1.25 £ 0.21 n = 4) exceeded

Fig. A3-1. Monitored branch with leaves forming male flowers.

Left 2007.12.31, right 2008.11.21.

those for the other elements; the February K concentration
exceeded the November K concentration in all four individuals
tested (Table A3-1). The concentration ratios for N and K were
significantly different (paired ¢-test, P = 0.043, n = 4), but there
were no other significant pairwise differences, likely because
sample sizes were small. Compared to the other elements, the
K content was maintained at relatively high levels throughout
the pollen dispersal season (February). The February K contents
were not significantly different between 2008 and 2009 (paired
t-test, P = 0.160, n = 4). The Kurakake 3 clone produced a
relatively large biomass of male flowers in every year. The
quantity of male flowers was higher in 2008 than in 2009 (Fig.
A3-1), corresponding to the increase/decrease pattern in airborne
cedar pollen concentration (MAFF 2011) in the Kanto region.

The data are insufficient to explain how the annual fluctuation in

pollen affects the nutritional status of pollen.

Table A3-1. Temporal changes in Cryptomeria japonica var. japonica cv. Kurakake 3 male flower C, N, P, K, Ca, Mg, and
Mn contents. conc. ratio refers to the concentration ratios for 11 February 2009/21 November 2008.

Sampling date Tree no. ¢ N P K Ca Mg Mn

% % % % % % %
2008.2.14 1 53.8 0.85 0.098 0.293 0.204 0.076 0.0023
2008.2.14 2 53.8 0.86 0.104 0.342 0.166 0.071 0.0010
2008.2.14 3 52.6 0.88 0.133 0.348 0.193 0.068 0.0013
2008.2.14 4 53.4 0.86 0.155 0.481 0.148 0.065 0.0010
2008.11.21 1 54.6 0.78 0.145 0.251 0.163 0.056 0.0015
2008.11.21 2 54.9 0.93 0.199 0.318 0.105 0.055 0.0010
2008.11.21 3 55.1 0.89 0.169 0.233 0.078 0.057 0.0006
2008.11.21 4 54.4 0.82 0.153 0.259 0.128 0.060 0.0015
2009.2.11 1 54.9 0.78 0.178 0.294 0.159 0.057 0.0012
2009.2.11 2 54.3 0.88 0.135 0.332 0.145 0.058 0.0007
2009.2.11 3 55.2 0.78 0.144 0.290 0.082 0.051 0.0006
2009.2.11 4 54.0 0.92 0.162 0.396 0.107 0.049 0.0007

2009.2.11/2008.11. Mean + SD 1.00+0.01 0.99+0.10 096+024 125+£021 1.06£0.23 094+0.11 0.79+0.27

21 conc. ratio

FMFR I EiRS 25 19 2% 155, 2020
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Appendix 4. The quantity of *’Cs per Cryptomeria japonica
var. japonicaleaves in 21 forests within Fukushima Prefecture
after the Fukushima Daiichi Nuclear Power Station accident.

In 2016, we divided sugi leaves collected at Iwaki (Fig. 1) by
their birth year. The ’Cs concentrations in sugi male flowers
and leaves collected at Iwaki have been measured annually
since 2011. We measured the numbers, lengths, and dry weights
of leaves collected in November 2016. Assuming (i) that the
measured values can be applied to samples obtained in the
period 2011-2015, and to the other 20 localities, and (ii) that the
leaf '¥’Cs concentration in 2011 (Bq dry kg') can be estimated
from the male flower *’Cs concentration in 2011 (Bq dry kg™')
using an unpublished regression by the Forestry and Forest
Products Research Institute (FFPRI) based on the data from
five prefectures between Nagano and Fukushima: Leaf *’Cs
concentration in 2011 = 0.3915 [Male flower '*’Cs concentration
in 20117 '2%22; (R? = 0.7812, P < 0.001, n = 13), we estimated
the quantity of '7Cs per current year leaf (Fig. A4-1, decay
correction: 1 Dec 2011) using the following equation:

Quantity of ¥’Cs per leaf = Leaf '*’Cs concentration x Leaf

weight
When we examined leaves that formed in the same year, we

found that the quantity of '*’Cs per leaf did not clearly increase

= 0.1

s X

g < X
G ~

8 \\K

2 o0 | I é\
~

=}

£

[}

5

O 0.001 - L :

2011/11-12  2012/11-12  2013/11-12  2014/11-12
Date

Fig. Ad-1. The content of “'Cs per Cryptomeria japonica

var. japonica leaf (a) 8-9 months after the nuclear
accident and (b) 3 years (plus 8-9 months) after
the accident.
Data were collected in 21 C. japonica var. japonica
forests in Fukushima Prefecture (Akama et al. 2013;
Forestry Agency 2015, revised). X, leaves that formed
in 2011; A, leaves that formed in 2012; e, leaves that
formed in 2013; o, leaves that formed in 2014. Decay
correction date: December 1, 2011. Content of '*’Cs
per leaf = leaf *’Cs concentration x leaf weight.
---, curve connecting the current-year leaves. The
leaf '¥7Cs concentration in 2011 (Bq dry kg™') was
estimated from the male flower *’Cs concentration in
2011 (Bq dry kg') using an unpublished regression
by the Forestry and Forest Products Research
Institute (FFPRI) based on the data from five
prefectures between Nagano and Fukushima: Leaf
137Cs concentration in 2011 = 0.3915 [Male flower
37Cs concentration in 2011]'22%; (R? = 0.7812, P <
0.001, n=13).
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or decrease as the leaves aged (within the data range) (Fig.
A4-1). Kiyono and Akama (2016) predicted that the leaf *’Cs
concentration would decrease in the current-year leaves year-
by-year, and also decrease with leaf aging based on the leaf
dynamics model. The pattern of annual change in the amount
of ¥7Cs per current-year leaf in this study (Fig. A4-1) matched
the model predictions of Kiyono and Akama (2016). As the
leaves aged, the numbers thereof decreased (Fig. A4-2), and
the dry weights of leaves in the same length category tended to
increase (Fig. A4-3), likely due to leaf thickening as they grew
into branches following the development of the xylem. Since the
increase in dry weight in leaves (Fig. A4-3) offset the decrease
in ¥7Cs concentration per unit dry weight (Figs. 5 and 6), the
quantity of *’Cs per leaf did not clearly increase/decrease as the
leaves aged (Fig. A4-1).

e
o

=

—_

W
T

0.05

Relative number of leaves
(=]

Leaf length class (cm)

Fig. A4-2. Number of leaves of Cryptomeria japonica var.
Jjaponica in each leaf length class.
Leaf-bearing branches of several trees were collected
and combined in Iwaki in November 2016. We added
2 cm to the length of each current-year leaf to take
into account leaf elongation occurring between
November and the following spring. O, current-year
leaf; X, 1-year-old leaf; m, 2-year-old leaf.

1.4
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o
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i |
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<2 24 46 6-8 810 10-1212-1414-1616-18
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Mean leaf weight (dry g leaf™!)

Fig. A4-3. Mean weight of Cryptomeria japonica var. japonica
leaves in each leaf length class.
Leaf-bearing branches of several trees were collected
in November 2016 in Iwaki and combined. o, current-
year leaf; xI, 1-year-old leaf; m, 2-year-old leaf.
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2011 FREF—FEFHREMFERE S5 FHOD. BEROAF
(Cryptomeria japonica var. japonica) DIEM > L 137 iRfE

EH e R R, Bt R Y A s Y i3 wi Y,

BOEEY Ak . e s

w5

TEMIREGT D ZF (Cryptomeria japonica var. japonica) HEAEDTEMZ & &1
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Yo L 137 (PCs) WRERRNTz, BBILTHOAFMRTIE 11 ADOHIEE RO 1/3 WEM T, HiEE
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2015 FE DA 11-12 HICB R AT ONEMICH TE D, 1B Cs IBEREHEE Uiz, AFEN
BCs WEITE LT L, 2012 FEHF L ER 2016 EHEOPEE XK 8% TH o 7z. BRHEEE D ¥Cs T
%30) Sy TERAMALTRD 2, BEED D AFEMAD Cs IR EUE 2012 4 2 A 0.0203

m?dry kg'. 2016 42 H1X 0.00168 m? dry kg Tdh > 7z,
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BESREMEMOBZTMRREICEVLTERICHEI T
YTLY c EREE

- OBHE YT

DAy =]

B IR URAE T I 35\ CHRTER I A PR, Hom B F R N AR, el —RBRL e T Obk & BTG A 2
FIEE LIy P74+ —)V Ty TZFBEL T T LVHEBIBEZME L. FAEWKFREOBRE
EIAEMR E MO BRMERBEORED LI 2175 7o, MELE DRI, JFHAEMKEI D & N TR
TRDTTIVE NI S N T AR E S, FRERE I EUEM & Him A Tk
AL R OICEWE T o T, 2L ORI, BREDHMME A TICHBEL THALNS HMMEY =
FTVAREHENEZD, /0y T LY, A7y T LYBXUET MRy aldxd, iR
MOEEZIEMTH o7z, —J5. VYTl xid, KBt & Him —XRicZh o7z, Th
5D M5, Bt & Fin R SRR NTIAR, i 20 & REERRR G DR IC SR > TV e,

F—U—F FEAEMKKGERE, YT LYR, IR LY EREER. R, 2RI @R R,

Ewy b T74—)VEIv 7

1. IC®IC

WO E OMRIEBF MK, KHlch BT EhDHZED
Z MR zZ2Z T, Wit - b E T E 72 il
BMEHE 2019, UMOBEEBFEAEMKE Z0DZ N
HWM L TERD, HRNAVHEZ AT 2 HAEHA 0
COMEENT WS IREBS 2003), £DH>HDT &
D, B IR EAZNT O MRS R FAE AR GE D IRBERIAR) 13K
2,500ha 25 L (JUNBRMKER) 2019), 2 AO1 0
IS—ZICBBRENTWVS, TOXIIT, HOBIER I
EFOLEERIEFEZELDOTH., HLEHENMTD
T &7 (Tanouchi and Yamamoto 1995 7% &), F iz,
RF S (2005) 1. # ORI & F O R A
TAHARDE THIYIRHZ b U, R0 N TR T I IR 3E
BRSO MR DN CTH 5 T & 2R LTz,
B HHICDOWVT, Maeto et al. (2002) EPUEIC BT,
TG SO IREMRD A 5D LU REED D
HEEMATHREREL REZ TR, FEKRDME
ENEETHB E LTz, LML, TNUUS TRZER R
ke Z NN ORI TR HM Z e U 72 il 7m0,

—Ji. BOAEICBWT, BHFHEZIEE L U &K
BREEFMMICIEF a v A Y LR (Carabidae) I HL
MESHWENTE T (AR 19963, b, IR S 2004 7%
o BFEREY N Tx—L 5L by TEH
W LB A G ICHIEREN TE 32 b, R
JTHEL, BETVEAA YV MIBVWTEZHEINATY
%, ThHDIEMIC, IBAIKHESISND T LR

JERSZA  BRITTAE 8 H 26 H RS2 -
D) AR S WIZEHT ALimE ST
* RIS ST LB T T 062-8516 ALIEHT EEX2E A 7

SHUTE12 H19H

HEFRE (R LY RN AR TiE Y
Fakxfeafx LBt ahxiif) (8
WICFET I SNy T LY RE BB ZARFIET
W TEREERR]) LT %) ORFEITRHIRED
ZACLICHHERIC LT 2 T &N TWS (i - &
A 1983, B 1985, BH 5 1991, EH 2014, 2016,
5 2016), 7o, BERZFIIE (XA M) ELTHNS
Ey R 74— Ty TR EREMER R 2 EHE
X, LMD 1 boy T TE. ZORHEME 2R
TE, HEHMOERICHWS T EMTE BT LA
5NTW5 (EH 2015,

Z T, MERBEAEMKCKTFET2EOMmM &, FAE
EMOBMIRBEOEMZ M2 T 52 L Z2HM
IZ. MOWIEMMZ FTTREL R HBMERBIICIE A Z XA
FeLZZEY h 74—V T S 2RE L TERENE
HHREHEL, ZORERILKL T,

2. MRLE Ak

2.1 AEH

P, HIRIEAEITEA MO S B 2096 FRHEZ BR <
2091 ~ 98 FRHEIS K T 2048 MRBEN T o 720 AAE M
KA T QD) BB X TZORED S 20 m L E#E
NTRER S ARMEREE R 16 fET & U, B & BRI 6
CTSs5DODA7IV—cntiz, §xbbB, 41 ~93
TEAE O ER S SR TR 5 iR 72 N AR (PL) . JASER
MRIEARERIC IS U T, 184 A LL L D WEBEASH 5T A= K 3 5
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HT (0G). 53 & 93 A DI Him — bk 2 &ipT (SM), 17
~ 26 A D F i 0 3 (& T (SY) 1S, 2 fFEATDIE 20
m ORI BRI P o 1 & 7T & 135 Bk o ST AHE 2 (& T
R (OP) & Lz (Table 1), ATH#D S B PL5 I3
/F, MEAFANTIHTH o7 (Table 1), PLI Tl
FERTEICEEDN TN, BEDNEVT W, FHE—
MDD B SY2 k. THR Y, INAJ FEO B TR
AROLEEDNEN STz, Tz, KERH (OP1) NOREMIE
IThbNhah-o e,

22 WERE

ZTNEFNOMREMIC, RARZFEIIHE LZEy b
Tx—=IV Iy T (UFhTv ) &1 E&KEL K,
kT TRELZNCIE, HENMTHET 20 cm iy
MU E SA T (ZZRBIEHR VT 94X 114 (NFE 94
mm., A8 114 mm)) Z. K00 ORI A%
K2R DTEB W, T FIEPKD DI
TOEMS 50 mm OMITIC 2 mm BOIE 4 HARBH
Too T2 95 mm. & 170 mm OBEHT S AF v 7 F1w
7" (JEAERL BIP-720D) &\ iz J1w TICIEFRH - B
EzHmMc, JTu¥ Ly Z) a—)VEWEZ 100 ml A
Nz, £, XA FOZUIMELT, Ay TOENS
5 mm OMIEIC 1.5 mm FBDIz 3 AT, [T/
3RBTGO/ T S5 ZFw 7 1y T (1 42
mm, & 35 mm) ZHETHLUE (EH 2015, NA
MCEY NGO & 15 g 2 FRd &R CHEN T Y T
O TEHT T AF v 78R L, 25C I 4 0N
MEBELZEDZHWZ, bTy TREBERIC, XA
ANOHy TOHEER AT EHIC 1 mm FOINRE 25
ARG DICWMOBZ,. by SR LRI Y
TICHA LTz (B 2015, hT v 7O EICEEEA
FN—=Fv T (BAYV—=81300 VaArr TvT27:
405X250 mm, & E 30 mm) ZHE, ZOLICEYIE K
KFokdIicaryru—r7ay 7 (390X190 mm, &
T 120 mm, 11.3kg) Z#Ez (A5 2016) (Fig. 1),

X, METEODODAMTE RN o728 HER
T BHN 2 B0 TS Y I 2HBIsNG 2013 4 4 A
THAMS 11 H A TOMEIT-> 7z, I%bb. 4 A
25 PSR OFEZBB LT, 2l M#%D 5 Ho HIC
RAIOEINEIT> Tz TDH, 5H23H~6H 6 H.
6 H20HH~7H4H, 7TH20H~8H 1 H. 9H 12
~26H. 10 H10~26H. 11 H7~21H&. &7
[ DfEZTT - T2,

23 MRAE

201349 A1 HOXY A ERHOIC, BAZEEZK
BB, FHEHO bTy TRIEHTOE LOEX
12 m#ii CeREEHZRY Uiz, MgicidT I %
JU 71 A Z (Nikon Coolpix 4500) & fHRL > X (Nikon
FC-E8) 7\ 7z, BHZEREE D MEHTICIE LIA32 ver.0.378

(A& 2008) W=, £z, 9 H 11 HIC, S
DLTy TREGHZHPLE Lz 10X10 m P95 ND
fEE e (DBH) 5 cm L EO#MOKRE ZHE L, MA
DREEEZIT 2 oo HILBDARICDWNTIE, DBHD S
em DL EO#OWmALZ &5 L, DBH ZHH L7z,
EREDN B, BAREE, WaElmEaE (LUF BA),
VY9 DBH & i K DBH Z K& 7z,

2.4 BREE EBERDRE

B U U Fe B A I G L Tz U, AR B BT
(NIKON SMZ 1500) ZHWTIEE LTz, [F@Eicid 5
5 (1985) &JIIHS (2005) ZHWz, AR HEMEBS
WEFERR LM SRR E LT H %,

2.5 7 — R R

KRR, FE L v T Y DEZRRETREL (Simpson’s
diversity index (1/D)) D7 3V —RID 2% LT % 7=
&, Kruskal-Wallis MiE 21TV, P <0.05 D, Tukey
HSD M & %2 17 - 720 &l 51T 1& IMP 8 (SAS Institute
2009) ZHW, A7 3V —OEEEZzHRET S
728, ek 1 (Indicator species analysis) Z 1T o
7zo MAHTICIE Dufréne and Legendre (1997) D J5i%E7% M
VW, BT PC-ORD ver. 6.15 (MjM Software Design
2014) ZHWz, TOHETE. A 73V —IcEBT
% N HERSARE (relative abundance) & Z DOFEDHE S
NTHXY o M HE (relative frequency) DFEM 5 HH
LU 7z $ i O s KME (Indicator value: IV) %=, TV & L
FHE K DG T P IEEUMN & LLRE T %, 517V —
MIOMEREZ LT 5 7o, Fid iz iy O i
# & Serensen ODFULE I Z H W IZIEFTEZ RO &
Wikt (nonmetric multidimensional scaling; 24 N NMS)
TEEMF L. DEERRZRR LU, £/ A7 d
U—NOBEDOE—E, h7dV —ODHOER
M7 2 #E )G B NESE (multivariate response permutation
procedure; LUN MRPP) ZfHWTH#HT Lz, 25D
BT & PC-ORD ver. 6.15 (MjM Software Design 2014)
RO, BRBMEFRREE L BRORE L ORFRE
fRAT %728, NMS fiftht T 5 Nz il E e O %
fifl | & bRih 2 3 ML T — 2 OB R 72 B AR [ T
fENT UTzo (HU. FAEMOMEIC 184, 15505 D b
IC¥H, DBH A S om LA EDLARD & o 7ol A i
FH9 DBH BL U A DBH Ic¥uzfRA L, GHHE L,
FHEIC X TMP 8 (SAS Institute 2009) 7 7z,

K o
ISH3I3MAEDFEAETERLNHEI N
(Appendix 1), FAFIELIT, B 0 & B T
. NTHEDMTHEEND > 2 (Fig. 2). F—
A7 3V —NOREEIE. PLI & sSM2 Tk <, OP1
TEZWZ ENHI -T2 (Fig. 2)e TN SR EIZ.
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Trap Bait
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Fig. 2. % CORHIER LD R (hRED &2 2Ty Y OZRERR (/D) (XD
Abundance, species richness, and Simpson's diversity index (1/D) at each site.
Kruskal-Wallis SUERSHRZKPICR Uz, B LETIVT 7 Xy b REZ AT 3V —R
IC Tukey HSD MUECTHEAZDH D (P <0.05) AT IV —HEWVL DD/ Ml Uiz

A% 1d Table | 2204,

P values in figs show the results of Kruskal-Wallis test. Different characters above points indicated
significant (P < 0.05) differences between categories by Tukey’'s HSD test. Site categories below
horizontal axes and site names below some points are demonstrated in Table 1.

ERHED 0% % LBy F AN ORI DR
2Tz (Appendix 1), FEEUE. A, A
bR & B TR < il SRR E HEEND o T2
(Fig. 2)o ¥ V7V Y OZEERBIE. A7 3V —[IC

BIEWN RN e, FAEKT A WEADH S
N7z (Fig. 2),

BRI, 7ayFLy, arzayTLave
JhARITVRAGIDNARGEE-ET, WIne
B XMRTE o & & M BB E D & A > 7o (Table
2o BEOAT IV —ICHBH LI EERIGERET
oD S B, BREORE, 3xbB NTH, K
EREH® —RKIcZh > TR, IVRYEVY
TFTLYERYF AN I TNORHRMKEZ A I KR
HBUBHEN @S T2 DICR L, AL T HRMA
TITHT, X TRAYANR, ATV IAHN %

&)V Y O FT 3D AR RATAH S B MK
o iz (Table 2), WY TV~ H B & FHin
TMRITIFIEREEINTE O, PAKMTE > & & X
BSHEE A o 72 (Table 2),

NMS 1T & 2 REEREMAT T, 2 ORI Nz,
Final stress (& 4.93 &/NE <, ATHE R OEEMEEE &
Molze B—HOFLGRN82.7% &b > Tz NI,
JRAEAR & CHo s R, R R RO DI o T2 PLL &
SM2 zZ[R< &, (ZIEF UL IR > 7z (Fig. 3). il
TR E B D FEREIZIE S D ENKE NS A, i
DD JERE S BAHEIC 77 #E L Tz (Fig. 3). MRPP
DFERIZ, BEENH T TV —NTLE®RNE—T (A=
0313: 2 TCOATITV—IIBNWTAHT IV —NOLEE
W25 A=187G0, BHNT—RITBNTA>03
BHATIdV—HNOHEOH I EDEHVEIN
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Table 2. 10fliALL FHli¥E & N7 PRI I51F 2 FRETRES Bl R

Results of indicator species analysis for species captured more than 10 individuals

Relative abundance (%) in each

Indicator value category

Species v P PL OG SM SY O°P
Nicrophorus concolor 7 13T N3/ 759  0.016 11 0 76 6 6
N. quadripunctatus 3V RIE T LY 33.1  0.601 33 27 22 8 10
Ptomascops morio A7 AT I\ 80.1 0.025 10 7 80 1 1
Trox opacotuberculatus ©. A 17 AT A} 3% 41.0  0.227 43 11 41 5 0
Phelotrupes laevistriatus 2>/ F 175 3 346 0315 31 35 30 4 0
Panelus parvulus < X Z )V 37 % 314 0418 18 47 35 0 0
Onthophagus nitidus *7 Y L2/ I 3 672 0.054 2 0 1 30 67
O. atripennis A7 )JVLY I AN % 46.5 0.114 46 12 35 4 2
O.ater 7 ARV A3 402  0.337 50 10 39 0 0
O. fodiens 7 N1 R < x 51.7  0.036 24 4 52 21 0

F17- 3V —% 13 Table 17254, Site categories are demonstrated in Table 1.

0.8
SM2@0.6}
- 0.4+1 O
& A 02} A
i N SRS \ O
~ 15 -1. -05 _pol 0.5 1.0 15 2.0
c:: A' 0.2 SYso
"% -0.4+ A
< | A Conifer plantation -0.6f+
@ Old growth forest -0.8}
@ Middle—aged secondary | —1.0t OP1A
forest 12
O Young secondary forest| =

Fig. 3. #FERTE L ORMIEE L Serensen DFALUETREE WV 7B HE 2 ROC R ISR
L (NMS) 1 & 2 Hil A D g DGR
Results of nonmetric multidimensional scaling (NMS) analysis as applied to
ordinate sites with Serensen similarities of the beetle’s communities for all sites.
WL DO DFEFERRICEE U Tz & 441X Table | 25 0H,

Final stress = 4.93. Site names beside some coordinates are demonstrated in Table 1.

Table 3. NMSD % fiflfifi & A3 7 — 2 O itk i & 2 H
BB GRAAHTAG
Correlation coefficients of liner regression analyses
between scores on axes of NMS result and forest

TW% (McCune and Grace 2002)). A7 3V —[Hid4E
KRTHBICDHT 32T ER LTz (P=0.0010),
FRARODIRAE & BEEE DR T, NMS DO F—Hilififi & #k

W G 2T DRI — 2 AV EE s KB B (R o L 7 petn
(Table 3), FFIC. BIARZE, BA & BHZE O FHBI R EL Axis 1 Axis 2

Mo fz (Table 3), WIT, 55 HlfEl: & OMILT— . P S P

2 b MR 7 - 7= (Table 3). Forest age 049 0.0025 0.00  0.900

Tree density 0.74 < 0.0001 0.03  0.539

Trunk basal area (BA) 0.74 <0.0001 0.01  0.685

4. H% BA of broad-leaved trees 030 0.0267 0.00 0.917

CFLYHPRMOBENGE Lt 0% FERAE  Mean DBH 046 0.0041 005 039

o 5503 2 A fr o= DI # . febkic  Maximum DBH 052 0.0016 0.00 0.892

BUSRAREFRDONETORET, K Canopy opening rate  0.75 < 0.0001  0.00 0.980

2T, A R R AR S MO AR RIS 2 0 A, R
I Z VWHE, EORKICEZVHENFEET ST L

MDHIS N T3 (Katakura and Fukuda 1975, (Hi% - &
/K 1983, Katakura and Ueno 1985, Katakura et al. 1986,
B 1985, K& 5 1991, Ohkawara et al. 1998, Nagano
and Suzuki 2003, H 2014, 2016, FH5 2016), LW
L. FRBIc KR 214 T3 nETiibhTwix
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Vo it - I TR BB R 2R & U 2o,
AT LVRHERTEZITHNTZ 7/ (Niemeli et al.
1992, f14F 1996a, b 7% £ ), Niemeli et al. (1992) &,
HEBMMEETL 4 24 TORKMEFHTHE LT
W, AV LVRHREZOEREN S, Bk B
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DEBLLTEALNZEREY x5V A (habitat
generalist), 4 XA TOHFMDO VT NITE L WM
YT U AL (forest generalist), FidE DFHIICZ W
FMRPE AR % 1) A - (forest specialist), HiHfilc 2
Tl (meadow species) 1701 7z, HAEICHB W
T%. Niemeld et al. (1992) & [EEEDA Y LRI HR
DRAATRINRPAENT B D, BHRICZVEODIZ

EAEPEREBY 2 2T VA M, BMEY 225V
A BT, HMEARY Y Y Z LTI, RES NG
LU RS20V 1 EABITFENTVWERTTH
% (FaA 20092, 2012), a7 (2009b) (&, #HZR)IIRK
BERT D IREER I AE M CA Y LR FREFAE L, 11
TRIZ U il S N7 O A PR B D AT BEE 72 /- L
TWBH, [HEERLIDPENTED, BHREAXRT v U X B
EWERTERY, AV LVRRRIICE TR 21T
FEAMEOBABERRICH TEHB &, HMMEX
XYy U AMNCHZ2FEEROEEEIFETT, £
COFMBHEMMUEY 22TV X NTHO., AV LVRH
HOTNETORBELL TV, ZFLT. TDT EH,
HE DL E O RN OBERIENZIE T 2 EHK L
o Tz, It “ Mz < ar L7z 3 f (Z e
TLY, arzuayrLy, JhARIURANE) &,
s & WV S REE DD ILEBMRICZ WL E X SN,
AL 72 KRR T A& U 72 Niemeld et al. (1992) @
MEEDOBKRICZOVHEMEARY vV A b LIdEKE
5, COSHBO 1, a7y T LR, DB
SmIUTFOZHEBEOANTHICZVWT ENHISENT
W% (Nagano and Suzuki 2003), A#FZE T, s —
KD S BXOFNSM2 T, AFEHIEELTEh -7
(Appendix Do TNHDT A5, ARIEEICLTW
TwicznweEZENS, £z, Juv 7LV ET
MR ahxiE, BRAT TOMGE (1H 2016)
ICBWTE, ARUFFEDORE SRR H i = 0 T R 5
ME L, BEME LTHREEL TV, 5%, 2hbHo
HMOEREBZXOHELIAAT ST LT, KALKLK
I E DRI Z Ve VW R AT
ERETHZHENDZEEZ NS, HBICZ >
el vy rxafdxid, SRS 722D,
il ZXMICE 2o T, BH (2016) Tld, AR
LR OIRIERETH b, HHNERE T % ikt o4
WRDERME D & Dixhotz, TOXS A&
LHMRICZOREICDOW TS, B TId R Wiz s
ATOFRENREEEZ SN S,

LW o16) Tk, MilmH @< a2 EEABMER
RO, i, EREREDEML DI L,
AW T L 2RISR REMR T NNE RS
mAA SNz, AT LIRFRICBNTEEEMKTO
TR TSN TV T, TORRKIE, FEMKTIE
BELHIC Z WO HBEE MRS & &l JRE
MARIZEFED DI T & 12H o 7z (Niemeld et al. 1988,

1993, Niemeld 1993), AWML TEH. AV LIFHHE
FIARIC, Hof RO 2 3 AR 9 B S
B 6 FMNFAEMT AR, Bt OIREMICED > 2
VYL AN FIWAET, FEMKRERIZFEE LR
Mmolz, FH (2016) OFEMICIZEEMIEZTENT
B59., oM EOEHEIMIL 63 FEEDHHE X
WTH ot LM (2016) OFEHTIE. TDEFEK

THEBENEC RN THERYE LGS &, IBREEH
HOZREERIERTLTWSEDEFEEINS,

NMS IC & % BEEEMEfEAT T, T DL B o Kbk o b
ElroEENSEEN TV PLL & SM2 Tld. B
EED DI o Tz, PL1I TREHEICHXDM Tb N, &
AREENMEL . BIZEENED > oo FRICERLTWL
TVA, YT ol xEHIIMAEE L AR ADM
R H > (2= 0.46, P =0.004), BMRIC KB HEELH,
RELETHI Ly FaHXOEREEE NP L&
ZA6N, TNHBRHERMEICHEE Lz, SM2 13 sSM1 &
FUATIV—E U THE-oTzh, D 40 FEH VT
O, krFaixnbiaholEZ LN, TNHRE
EREICEE L, Y FaH R MERIE. e s
WIEOMBEZRDOZ ehMmesnTW»T (EH 2016),
AW TEERZIEOHBANA SNz (P =040, P =
0.008),

NMS IZ X 2 BEERGG N Tl B X0 & B A
DFEREM D 735 TV — O S & BRI BN TV iz,
ThiE,. NS OB T, HBM EOZMWICZh -
fekyFatx, AVRYEYYTLYVEATRIVE
AN IV ot T & FRHBOhoEERIC
AoV I YANIHNE ol T EHHEN & -
bhz, BEHOENTE > & HIERNZ <. NMS
AT DS — AN /N E Do 72 OP1 Tl&, DI Y
RYEY YT LMW 2 HEFHE SNz, OP11E 20 m
MEORFH O R, FabBiigh 5mfl 10 m D
Fricd oz, MEIMEDOE VI YR EY YT LUH,
ARDERMTHZ2MANSFIETOHEIND XS
A MCHEFIENHE S NI T &, OP1 DFfiifEE &
BdEICE LI EZBNS,

NMS O —filifild,. £ TOMNT—% & ARICHE
U. FRCEBIAREE, BA LBAZEE & OMHBEDAMETSH -
Tzo B (2016) ICBWTE M, BA LHHZEE & F
5.5 81.0% O — W E A FHEI U, FRICHIZ4E & OFHRY
WAETH > 720 BA IIHRMBKAT 21ZEE<ED,
PAZEE AL NI VWIZEMLS AB EEZOND, C
NHOT NS, BAEERBBEE. RO
PHEILOBEOBNEEFLEELAONS, L L,
AWZEIC BT, L EOMM X, BHEMEIC A
T3 —DENZ D 5 1o FAEMKTIEZ MK
{Z2HEAEND D, ZXREHEDOHEEIRKET N EH
ZAbNaT D, S, RAAEMMAZESL, 47T
J—ZWETZHT LT, LML EOMMHIC I 2 HEE
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G DBV SMC RS RN D 5, AR
HEEORE I, thoRROZHEMRE LT, O
AW SIS TH O DOBRMREREEDO RS
LT EMmSEN TS (EH 2015, 2016), 5. &
SICZ R & 2R RMRIREE T TaMAZ TV, M
OB NVRHEMEREE L OBRICDOVWT DT — X 2R
L., SRR REOIREEE LToaHEZH
SMICL TV RBEDNDH B,

o

AL Tl ARIEREBRZERT TN T O R BH - LG
TP SERIC, W A RISy > TV O 7%, [
FRMERERIIIL 7V — T D J7 R IR KR A E DB /)
2. MMER G O R — 1 & oA b E S
DOMPEECHELICHEZ, AT EH/KT—ER 7
NZ 2T 1w ML 2 % — (Atlantic Forestry Centre,
Canadian Forest Service) @ Robert Johns {8 IC D
KEZ L TWikiZWwic, £z, HRSWEREITE,
B ORI 2 LT W ez, T TICEE#T %,
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Silphid and dung beetle assemblages lured by carrion in old-growth
evergreen broad-leaved forests and other forest environments

1)*

Akira UEDA

Abstract

To detect species dependent on old-growth evergreen broad-leaved forests and compare assemblages between
old-growth and other forest environments, silphid and dung beetles were collected with using carrion baited pitfall
traps in old-growths, middle-aged conifer plantations, middle-aged secondary forests, young secondary forests and
open lands in the Aya district, Miyazaki Prefecture. Species richness and diversity index were higher in plantations
and middle-aged secondary forests than in the old-growths. No old-growth dependent beetle species were found and
beetle assemblages were not different among sites in the old-growths, middle-aged conifer plantations, and middle-
aged secondary forests. Many species were forest generalists found in several forest types but Nicrophorus concolor,
Ptmascops morio, and Onthophagus fodiens were significant indicators of the middle-aged secondary forests. On the
other hand, Onthophagus nitidus was abundant especially in the open lands and the young secondary forests. These
collectively made up the beetle assemblages in the open lands and the young secondary forests different from the old-
growths, the plantations, and the middle-aged secondary forests.

Key words: old-growth dependent species, Silphidae, coprophagous group of Scarabaeoidea, indicator species,
diversity, carrion beetle, pitfall trap
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