RINZ BT 2 FAEMIZ BT 2RI 5
TR 2 FROMESE
s BT R AR K O AL E & =R O BIfR

Plant nutritional study on adaptive strategy of native
herbaceous species growing in Mt. Daisen
: Characteristics of mineral accumulation and
relationships between dry matter production and

nitrogen metabolisms

PR

2014



E5 ] B GEIN e e e e e e e e e e e e e e e e e e e 1
#01 i BAMYOEENE, WEIBIOESWIL » » 000 e e e e 1
1. BAERMIOEBPE « o o o o o o o o o o o o o s 0 o 0 0 0 1

2. HAMEYI DR E~DEBER « « « o 0 o o o 0 o o 0000 2

3 EAREOFE ST « + =+ o v e e e e e e e e e e e e 2
O O RIUDERE « « ¢ o o o ot e e e e e e e e e e e e e e 4
Lo RINCEIT D I L OBRER M < » » 0 0 0 00 0o e e e e 4

2 KRINCIIT DEAR « « « ¢ o o o o o v o 0 o o o 0 0o 5
F3E ORI L AEFENME -« » 0 0 e e e e e e e e e 6
1. ERREEWWARE, ERNHBIOERSE - « » 0 0 - - 6

2. UViRBMLEERBIOMEFE « « « « o o v o v 00 v 0o e 7

3. AV ULRBLEERISIOHEMEFE « « + » o 0 0 000 8
BAR ABFTEOEM « o o o o o o o e e e e e e e e e e e e 10
F2w RINCEET D HEAMEY 14 FEOREL 21T 2 BT R ER & B
O)E\g{% ............................ 13
ST MBI E TR e o v v v e e e e e e e e e e e e e e e e 13
1 B L OFAA R « « « v v v e e e e e e e e e e e 13

2. RARE LOHUROBNTE « =+ 0 v v oo ee oo e e e e 15

3 RIS E O EEORRIL + » + ¢ v v e e e e e e e e e 16

4, R L ORI « « + o o 0 0 v o o e e e e e 16

S SEZFULIR « « o o 0 e e e e e e e e e e e e e e e e e e 17
i (T v S T 17
1. é—j‘]ﬁ%i@i‘ﬂﬁjﬂ ...................... 17

2. :ti’%{b'—%"qcéjafi ....................... 17

3. WHICRIT DM E & EREMBEORR e« « 0 0 000 19

4, EFIZBIFTAHARFZLY U HANNIN Y T LAEHBMORRE  + + 22



R T = = SR T T 26
e - 29
B3 E RIUAICHAET 2 BANEY 7 OGN B BT 08H, U v,
TV L, LT TABLIOT TR DEREE « o o 0 o - - 31
ST MBI E TR e o v v e e e e e e e e e e e e e e e e e 30
1 BEERE I K OHAM » » 0 v 0 e e e e e e e e e e e e 32

2. RIEBLOHIEDHITE « « ¢ ¢ ¢ o o o o o o o 0 0 000 32

3 RIS E O EEORRIL « » + ¢ v v e e e e e e e e e e 30

4, R L OTEED ST « ¢+ o o 0 0 v 0 o e e e e e 30

S SEZFULIR « « o o 0 e e e e e e e e e e e e e e e e e e e 33

- (T v S T 33
1. :ti’%{b'—%"qcéjafi ....................... 33

2. EHITBITHMEITTHEET AT « « + o 0 0 v 00 e e el 35
2-1. FHUEB L OB AICB T DB cRE AL - - -+ - 35

2-2. FHAIZEIT DERMH MO PR B TR T AR - - - - 36

3. EHERO TR G AR L DERSIRE, BB I UHEEKIEL LU
HPHR L ORBEHIE E DRAFR « « » o v o 0 e e e e e e e e 38
e T 40
T - 44
F 4T RINZJRPTRNC BAET 2 BANY) 7 HOBISHENE « 85281 5%,
Uy, B TL, ANV TABIO~ TR0 DERME - -« -« - - 46
F I T 47
1 B KOG « « ¢ o 0 0 e e e e e e e e e 47

2. RARE LOHUROBTE =+« 00 v e oo e e e e e e 47

3 RIS E O EEORLIL « » + ¢ v v e e e e e e e e e e 47

4, R L OTEED ST « « + o o 0 0 v o o e e e e e 47

S SEZFULIR « « o o 0 e e e e e e e e e e e e e e e e e e e 48



- (T v S T T 48

R B iy = L R S 48
) BT EBIT AN TSI « + o v o v e e e e e e e 50

2-1. FHAB L OSEERBAICB T S EE RS AHE - - - -+ - 50
2-2. FMAIZEIT DERMA MO PR B TR T AR - - -+ 5]
3. LRGSR A AR L TEERRE, P L UORERES LT

HIESB L OREEHIE S OBIfR « « » ¢ ¢ ¢ o o o o o o o o s 52
R T =x = SR T T 54
FAEN BEJ e o o 0 e e e e e e e e e e e e e e e e e e e e e 59

BSE ORUSICBAET DAY ) RT, Y~T7Fvav~BILOA ¥ K
DRLEHENG « M T REREFER L ORE & EEZ B OBFR - - - -6l

FAHT RKIWWAEWMA Y ) AT, v~vTFav~BRIUOA 4 RN
DEFEIRICBIT HESR, Vo, BV TL, AT TLABLY

R N i I 62
T 2 S 62
1) St fEiEds JORER « « « 0 0 v e e e e e e e 62
D) HEWMRDACZEISHT « « v v v v v o e e e e e e 62
3) BEMILER « « o o e e e e e e 62
T~ 63
1) L EERHITEREL « « « ¢ 0 o e e e e e e e e 63
2) BMIRICB T L2ER, Vo, BIVTL, AL TLABIY
e N - > - 63

B2 RILBAWWA Y ) ho AP, Y=T7 X auv~BILOA X R
DOFEBLIOEZMRNFHIBRITEFTESR, VoBLON D U LRE

DEE « v v v v v e e e e e e e e e e e e e e e e e 65
Lo BABEE T E e o v v v e e e e e e e e e e e e e e e 65
D) BREEFHE « + v v v v e e e e e e 65

2) R, VoBXUOHY TAME « « o o o 0 v v v o0 66



3) FEMDERITL « » ¢ o @ o o o o o o o o o o o o o 0 e 0. 66

4) REMIRDIVZESHT « = 0 0 v v v v v v e e e 66

S) BREFMLER « « « v v v v v e e e e 68

D EEL « o v e e e e e e e e e e e e e e e e e e e e e e 69

1) BE =« v v v e e e e e e e e e e 69

D) MERSTEEGATER + + v o v o e e e e e e e 7

3) BHIZBITDEFCAEWRARL + =+ ¢ 0 v 000 o e s 74

4) EEHIZBIF DN EATERBEIE « « « 0 0 0 v oo o0 75

5) HEHICBIT DI FAEWREERMRL » » « o 0 0 0 0 o e 75

6) BT BT I JBEPEEE « + « + 0 v v v e e e e 79

I T - 79
EEAFH BRI e o o o e e e e e e e e e e e e e e e e e 87
Tl T 89
BT OREEL .+ o e e e e e e e e e e e e e e e e e e e e e e e e 98
QT Summaryc v ¢ o+ ot oe et e e e e et e 101
BHTE o 0 0 0 o s s 0 s s b s a u b e e e s e e et s e e e e e e e 104
BIFSTRR « » » ¢ ¢ ¢ o o o o o o o o o o o o s e e e 0 e e e e 106



%1 BAEMYOEZENE, MEB X ORI
1. HAEREY) OB EM

OO NER KGN AEEZ T DI BREAEDRE L W) Z &
FEARWRTHD. R ERERROEANRFRABLETHL LEZLND
0B, ZODIITHAEYM OB N LETH 5. TFETIRIERE, BBk
NN, HEHE(E, SRS O HERBE CORBEA(LC/SRE OB AR L2 kY, BAE
MY OFEORARL, NEYRFEDONT R ERBESN TS, HAEDIT
AN REBRFICEINTICRE T2 2N TE L ELEEATHHT,
ZOMBNREZCICEEINST WAL AT S, R AAMEYOKE
DY X, ROKMICEIVELNTEZ O THY, Kk, HE, BTk
TORD OIS ORI E NS LN TED.

FEIIHIER E DT X TORIBIZER L TW5. ZiudigeE, kK, B ETH
D, KR, WD, mil7e EoiElE 2 e E TS BMEY O TR DIl e o TV S.
HER EDRAA T ADK] 9% IIEMEDNASA A~ ATH L. TDHIZ, E
WIIMERROZEICERERER 2> TRY, [Es HRICL REREE
Z h. % % (Larcher 2003). FE7-fEMIT A O—kAEEE & LT, HEK EOAY
BOEMEZR LTS, Lo THYOAREEZBET 5 Z L%, ABRSCHRER
BOREDIZDICHMHEATH L. HMITRVER 2201, T, G,
i3 JOWD 7 EER 4 e BARIZHEIC L TE B2 6D, RIFIEICE
WL B AT 2 ICE B LIFR A T o 7o, ILHIC B AT D123 B
L, HEBLOWIZEEZ1T S BEEEICOWTLLTOZ EnEZ NS, 1 DHIC,
i e WS BELWERBEDO R TERE L TV ZOICRBRRTEELZ L L DONE L,
BRx 7RIS 2 BT 5 2 ERBE XD Z L Th DH(Larcher 2003). 722 D
HIZ, [UEETOEEMEY & 72 DAl b D 2 & Th H(KEF 1999). Zh b



D Z &b BARY, RIS B AT DR O RIS AR5 Z L3 E
PHEEDIREIZ L S THETHDL EEZADND.

2. HAEREY O iR~ DR EIN

MY ORRF\CHBLY BT TREERE LT, K[UE, BE, BKE B, f
D K O I RERIER, KGr, By, MUEWTENYED X5 7o HIEMBRH, (LY,
AEWELR, #HBRERZ2 ERD T oND. 26 OERIIEM OFEFIZ BN
TITHUNICER I TV D2, BAMYITARSH T T2 b EROFEZ R
ZT%. BAEMYORREE, ANEER L OSOREY DR AL EI2 X - T
Z HERBIEIN DY 21T 5 (Cronk and Fuller 2001). L7223 T H A Ok 4
R A MR T 572121, BAEMOREER 2K L R o B2 PF 5
TERMETHD. FTHUCKY, FEEREEOZEN % B AW O oM R
FOFIEHER EZHET D5 ENAREL D0 b LivZew. E7z, [ X
9 RBREII A OETEE N D E RBES N AR TH Y, KL S TEREES
O LW E Sb T\ b, 2 2 Tk LWBRBESM: &1 XKIE, dRm, e,
ZELER EN BT O A EHEIR 1997). [UHIIEREEICHE T ICBUR RS T T h
5720, BENECT IV OREL KOS MICKERERELHEZ2 5. O
7 (LT OREAE L BREEOXHGBIR 2 AT 2 2 L ITHERDOBREE A (b &2 F 25 I
THEETHDHKEF 1999).

3. AAAEY DE ST

MIZEORBEEZVEL L, KEPHORFBLERL, < OMPBERES
Koy % FEERE R BRI 5. i 6 MRS SRR O BRI L o TR
S HER-TERY, LEE SN D EEEEOMBITHY ORI L - TR
7 fEZ R L, #RE SRR X > TH A bT % (Larcher 2003). X fEH) D
FCIX, BT AXTHBLO N7 IS A BE &N &> T2 (&
1+ =% 1976c). b7 VNI ABEENE L@y, LU LAEE
b, TARBIINTT LB BT I XTI AR. T HERY



O MR T MR, 7 CHE R R 9 2 BT S5 D 2 T b~ xR
BCTHY, K7 AF, ALY TLA FUFRBILOT VI =0 LEWN D FFEN
RO LIT(ERE « =% 1976a+b). B U U ATA XED X D 72 T IEMNY) TR
W F e, —oOOEEROF T, BEICER, Vi, WLV TULA, TR T A
BROBEE & W 7o m BBV IAEN, A RXBERSY T A F
LELSEEND. ALERFEZIFIHV UL, UV rBROMENZL 72 E DR
HIF oD, ZOL S ITHEYOFESTMUIM, M, B, FdHIWVITEER LI
KoTHATHS.

HAERITRE S L O TRy 7 Sk x BB OB A =T, HAERICKT
LN EZWNLTWD., AU 7R 3 ARSI T s LS
B, M A AR, EOERREARB LUOLAEET 3 i CHIERIZE R
- T /= (Konings et al. 1989). L2>L723 5, WM OMEM TR EARITHEHOD
HARREBIZ LV kS 5. HEIIHrE OB TR A FFRAYICRINT 5 Z & 23
TE LN, TN TFE S AROMAIIRE T 5 L7 2 Kk L (Rodin
and Bazilevich 1968), FKEEREED D OFE 3 WIUIFEIZKAE L b 2L T 5
(&M@wwL&HmemeEMW@HMJikqEéﬁ%ﬁﬁ%%ﬁﬁﬁ
% LTI i3 L OV O 3RS ﬁﬂ%xﬂ?%ﬁ??é&ﬁ%z?ﬁléabbyetm
1985; Chapin et al. 1987; Aerts and Chapin 2000). 252 72 BRI Rkl L 7=
X, KANTORSFIADELZEDLHEIEAE L 22 LIC8) HEESNZ LT
HAHHEMEZHERF L, BE4 MK T L7 & 9123 % (Larcher 2003). #h3R4bi
BOFEREZRES LY, @Eilz Lz U CTEERY OWIUEE 2 &
5, BBX L— MEZ B LIRIEFE O REBEOZE LR EZ LiF b & no7a 2
LTI OND.

%< OEBERIOGORENL, REORBELZT 5. MERKGEEL, @O
FECIRIR SIS RT U CHEE BRI 7282~ L, HHIREELL B2/ 5 LK
T2, KEHRY AT EPEDDLRISOREDZL UL, Tl RO
JNE R, ALFBSOSEE XBIAN T, EOREEITIREICIE & A RS
U722V, PO BIREITIRF L, 2 < OHEAIREN 10°C LR 5 L@



2 5272 D OEW 2005). FomimE L0 HARVIEEE TIE, RFBREEHESS T L
EURIEKICE 2B EIIE <, IRENEL 2RI >N TELS 2D, il 7p il
&0 VR EE T, R R/ 4y EEE A T3 % T, Rubisco D 71 /LR %
VLD IR IR T SES.

F7, AAEME LTI RB T 2P O E & SRR B N T, B
ISR 5 ILERE, HEIER L ONRE LRI E bRy, EOBRREHAFEILE
<720, FEIXE T L7=(Weih and Karlsson 1999). F7=, miliA RFEA 6 fiZ
BWTEHEGELZIE5 L, A28 3 BTIEHRE, M A~2EnE X
OERWINENZECT D05, >V 73R 3 fTIEZE kL7 - 72 (Bowman
and Bilbrough 2001).

ZNE TITEMOFREERMEIC OV TR R S T & 7288, A4
FRIZ I HLOREY) OFERF RN 7 B BRI ONTE, B REZLITIFEAL
RERRBFFE N2 SN T 2o te. Tk, HHEFRSIRE L O3y RIT
L TEbEVMONTE LT, £ ILHOEMIZEIT DY 5E TR
T & A EfTDOIL TN,

F2H RILORHE

1. KIWZEIT 2 1B L ORERHE

RIUNFEEFE A 1711m CHAOHREMFIZHE N TR EmWILTH Y, Jbf#E35°22,
BRR 133932’ 1T 5. HAMICHE L0 2 bE < Z V2 MNIETH 5 &
ZAMND, AFIITVARY TEKJHOEE L F L HICxT, R, En, ZW
EOILHA O & 72 H((W) BARAREFLEBME 1991). BEAITZILEB X
OMERIPIRE C, T2 A 7 3Em 700m LU F TIEFEIC A BB ERE )N S 72 9F
Tua7 o BRI ETHLASL 1985). ET v T = EEIFL HITEEMET,
pHKCOIEZ 72 VIR, 4 Z FED. AZHMEREE y-1 1322720 &<, FRZ Bk
JEIZEWTEW. U ERIRIREIE 1500 2 2 % 5. #25& 700 ~ 900m T, B
FMREDILL A LTS A, HEREIEE. f5F 1000m 22 25 &, [IER
RENIRNY, HEEEEE<, BE< Tz iy, B i3 CBIRIEEH



EWLEZLNLEDT, VUEBIZZLWEEZONAN, TEXRBIREICE
FAREITIEE A EFEL TWRW, It L BARERERICHR < il &,
KILEA OFEMBEESCERER B EN TV D

2. KINZHIT 2 A4
(CHAT DEMITIES 800m £ TILT A~, aFFED 2 kNG 7
%.800m &9 & 5 & KILAZRFT D 7T Ofibk~EBITT 5. KiLo 7 F kX
AR A OF v ~PH, e ATF, =V aX YR EOKREEYOM, K
FHEANZ R SN 7wy, APV U TEX I TR ENREKRL, AR
W & IR & O R 2 RE 2 D o TV D (W) B RARR (b B
1991). OMREOILUHIZI T DML, EEO ERE L HICT TR EDOEEIA
BB O b b, F I &0 E LB EERMAATIC b o> T <L RINTI
T ROGAIE 1300m ETT, O EEBIEHEE R L O EERIAR D5 H & R X,
JVDYX, BAvrY IR, FF A~ RREDEAK - ERAKA~BITTS. £
7z, fBAR - BAHZ2RET 2L, e 1600m DL EICHAET 24 B F v
TR THDH. 2O, YTV TZ, ~A4 VY Tl Lot ROMEM NG
vazzuw, 704V Uk EOKL - BEHCROMY), S 6ITIERLEAD S
A EVFAIL, XA BV F XV RENPBAEL TS, KIZEBWT, FEHE
IZZ < OHEMRAER L TEY, AR XOEAEOW AR L & bICEA
SAiERLTVWD., EELOREICLD L, BAMY THLY~A X T T,
FT )RR, TR avuw, AFZ R, I HNI, GEXBL
OA A N aPRILERICAEAE LTV, b 7 FEITRIER L OHUR, REIR
REORR DRk A RREHICAAE L TV D Z Lo b, K[ESCHEREA K
LMK EF L TWD EEBEL2LND. £-, b 7T OB TYH, A X RV
%, EiR, AR KO L OESWEHE T CliftEZ 9 2 &R b TWD
% (Seiger 1993; ISSG 2010). WGV pH LB LY A FITEGFT B 2 &
DA THY, MED TR EICLHEZIZRT 5 2 & 28 & 5 (Beerling 1991;
Beerling et al. 1994). £ D L, HEHIERREREHEL LTa—a vy, TAUDE



TN FHRETMONTEY, T O TITARRICH S AL LT L
(Beerling et al. 1994; Baily and Conolly 2000), OGRS KR 100 D—FETh 5
(Lowe et al. 2000). A7 / B > A7 3w, Fih, &ilds KO E#o L 5 2
KDL OHMIETHRE L TEY, ZOMTOREIZRNEOD, F27 7 A
TNET DY) I RN TR 2N FE 5 S 41 TV 5 (Ishikawa et al.
1991; Goetghebeur et al. 1998; Mabberley 2005). T 5HDZ EMnh, A X KU B X
A7 ) 12 ARV L O ERIMEE AT B2 bNb.

53 AW O R & AR

1. BHRREETWERE, EFRMAHBILOERTE

ZRITHEWIC L BICERSNDIRELRTHD. SWMEEHED 1 ~ 5%NE
RIS, ZUN0 8, Bfg, san” )b, filER, LR ARLVE S
BLOZKRHED OEOEREFR TH D, FLERITARERBRIZBNT
K D R % il R 9° 5 (Chapin 1980; Aerts and Chapin 2000). AEMIZWIN L 7= 2 3%
ZRMLINVZ I VBROI VS I VBEGRKRL, ARRICZ LV I BLD
TNEIVBRICKES LImEREMOT I VBR, T~vA R, 7y, XTFRE
F@EmFEY X EEAEDTZOIZFI T 5 (Marschner 2012). 7 3/ gD
IRFFRAITFNTIE R, fRFE RIS L OV = VEERIFE(TCA FIE) D LG S b o

T, BFRARFEIRFLLIOCZXAF—RBEEEL TS, £z, EHEFRO
RN IERAANIZAEE L TE Y (Makino and Osmond 1991), HEEHZEFDFKIH457
WA AR EIT/HEL STV % D T(Evans 1989; Evans and Seeman 1989), #ED %3
YA REERS L Oz A PE & 5 < BIFR L CU % (Field and Mooney 1986; Evans
1989).

— AN DR 1, RAERE OE R &M TEWFBIRGR & R
TZENMBNTWD., FELIZED & ARMEDIZA XFHEM L 0 S INE
R 720 OFLYEFERN AR N1983). B HIM B L OUNFERED A %, LA
aB IS A X EHEREOEWICEB T D EREME L 2 EORBBRIZE N
T, 4 AFRBLORETIIEREMBENEINT 5 & E SRR HE



T 5705, ¥ ARTIIWAE OMICERRZ2 MR & 5 (Osaki et al. 1992; Osaki et al.
1996). F7z, A xF 8L~ AR 7THZBIL CHIE L2 A, WEDOBERKRIC
FREORERENE O, BEREFEDLZV OLWERMENA XA LY b~ AR T
fEcV \(Shinano et al. 1994). ZH 6D Z &G, FMEFER L BHEIEEOMICIIMR
D TEBERBARPFEL TS EEZEX LN, 6T, ZHITRB L UHIC
LoTHRATHDLZ ENEXLND.

AF, /LT, hyERaY, XA XBIONLA T allBNWT, EH5
i 2 28k S T2 56 OB AT W O BN O 43 B EFEAE S O BLEIA L,
LTI GEFED LRI LY BEREERLAY, EHET 8, a7 Iv
DEIGRE L R o1, ETORRESITHGEREICHLLT —EThoT
(Shinano et al. 1991). F£7=, A XFHEW 5 B L~ ARHEWY 5 O EHLEW
Ol L OERICE TR B EORZEIT/ NS W (LHE 1996). #WAErE
IRFR IOEZREOM ALV S TNDS. 207D, BINShi
EFRONHEBIOEEN EDO LD ICHIEI SN TV OINTIEETH S.

2. U VRAR L BRI LU A RE

U TRk, B NI, U UIRE, WilEE, BEY VBT AT AR
FOEHD Y A A & L THEMIERTICHFIEL, Z2<OEEREEFZR-L
TWo. AERNICE T 5RbEEREHE LT, =RV F—(REOEMALE LT
< Z & ThD. HBRDRIEFERMNE RO HEMHEMIXIZ & A ED K
KIEHDV T 2T NV TH Y, MM XL F— (RIS L, 5T ATP,
NAD, NADP 72 L D@ F— U VEREEWITZ < OBERRINTI T 5 EHE
¥ — ke LTHER 5. bbb, RS TCAY A 7 L0 4E
RENDTFNLX—%HE L, ATP, NAD 5\ X NADPH Z4 A LT, Ak
NIZB T 2 =R F— B SO SCHA IR T UGS 2 Hlf LT 5.

U U BEDRMEDSEERE & LT, JEBRL, PR, XU N BEAR, TREARL,
TEERE T 213 L & T 2 2D A BGROAHRIC B 2 58I R OTEMEMER:,
A F v ORI /e EI2H 0T, HOWME LA LEDO Y UREREND Z



LEHITHZENTESL. KU VXD MTER I ORHIFEAREX L g LT
65%IZIK T L, HARAED 50%IZMK T L7 (Usuda and Shimogawara 1991). —J7,
ran 7 4 NVERRRLH URIEFRIIHEVIKRT Lisorotz., &I, 44
RIZBWTHERBEOHTZD D7 an 7 0 VREITEELZ 21512 < < (Fredeen et
al. 1989), 7w 7 4 )VREIZY U RZEMETTEAT MM H 5 (Rao and
Terry 1989). R UER I UIBNT, HHEBMHRIZEET 285K D S b,
Rubisco 35 LT PEPC Z I3 U & T 5% < OFERTEMED 50 ~ 80%IZAK T L7z
(Usuda and Shimogawara 1991). Z 41 6 DGR B A SR IZ B 54 5 BER I
XL DOIEMEHERF T D720 Z R B/ ru 7 4 VERTHREE SRS

Job XL ENL LD CEHERT LI ENBELDOND. £/2, VUK
THRHETITZa e 7T A MNNICT 7 U N ERE L(Heldt et al. 1977), U UG L
NRAUMEOT T /A7 B —ALOREICHEG L TV 5 (Giaquinta and
Quebedeaux 1980). ZILHD Z & D U U RED RKIEMHTIE L O EREY
DHEUZREG L TWA Z ERRNICEZ LS.

BEEMC R D ) VT L IRFEB L OERNAHOMBRICRBWT, U EiE
PA XFHEM TILRFE B LOERRH L, v ARMEM CIIBFRERE L 0L
BB DL EBNERESN, EEBIOY VOBRIIKEREICL > TELT 2
Z ENEZ BT (Osaki et al. 1996). BIEWI(A %, hUER=aY, XA X, TX
¥, NbAvaBIOT U ANDOFEMIZBITL2E#H, VofEREMELE
FER, EOBEFRLV VERROBRKRIIZA X, TAX, N vaBlOT
YA TIHEEBEENTH 7D, A FBLO N UEr 2> TR ML
ICHB L7 3E L 2N URRICHBL L7 BETIIME OBRITE R Z 2@ LT
(Osaki 1995a). LA LD Z &nh, U U RFEIIKFAR X OERNRH LIRVFOHOE
NhbHEZEZLND.

3. WU U ARFLEZB IO
BT AFTERBIIRDNTHEMICZEICERINDIRERTHD. 1 7 AT
(EEETERR LR EN O NEMOEANEE L <, BRIV v & il



L EEHIBBREIC DWW TR 22 23 2. 1) 7 LOREIZLUUTD X 9I2E
EOLZENTES. 1) KALOBFPIZEE 21%H| %2 F7- L TV % (Humble and
Raschke 1971). KALOFLIMEF OB U o AR ITKALEA & B8 72 BRICH
D, TILMBBNTND L ZITIEH U T LADORENE. 2) pH D% Ak (Huber
1985)X°i%: 1% [T D #EFF(Marschner 2012)7¢ EWZB 5 LT\ 5. 3) 3R OTEMEAL
(Suelter 1970)=C/ % i L (Fisher et al. 1970)72 FIZEETH S, DU U LA A
IZ X > TEMAE SN ABERIL 50 2B (L 2011). 4) U U LREBITEERK
FEW) DERFTEIC B BY5- L TV 5 (Amir and Reinhold 1971; Haeder et al. 1973; Hermans
etal. 2006). 5) ZEHRH, KX T EARICIRERIERT 5.

B YU LREITIER, # N BEERS D WITERNHEE LB LITT
TEBBZOND. DIV ULFAIm—ADOMEBRALBLO~vAT7r—I2L5
BB ISR DIRBERI R E O FICHE 2 EH 2R L TnWD. BV LA F
YOZDOEREL LT, 1) A7 B —RADEAIAHLDT-DIZEIEIZB W TEV pH
ZAERFT DB, 2) VY —RERERICB W TIEZIE KL, v 7 ~DNERK
PEW) DERFEED 2 D235 2 H AL TV D (Marschner 2012). il OFEAIA IS K
WEHLEER DN IBIT D0 ) U LA F 2 OFENT, 1 FEde O R E o
FEREE IR A DO 2 T 5 L L0 Th 5. WA~DRILED DRI
71V T LR ZHEMIZ IO THE < KT L(Cakmak et al. 1994a), 2> 7 ~DIEW[EAL
PEMER S Y D ARZEFME T TOROEERTIZENTHLNTH S
(Cakmak et al. 1994b; Hermans et al. 2006).

BRI EERICBWTERIEEL Y b EREOD Y U AREREND. G
M IBNT, BERR S R EDRFEITZRUBP ANVARFT T —ETHD. =
B DA RO A BGREE, SRR A ) U AKRZ FCIESN, Y T LAOH
G THF R IRE T D (Peoples and Koch 1979). £72, # VU T AKRZFT, AR
MHBERILEY, 7 /8, TARNTIXUVBLOEBINAI L OEI 7T~
A R, THERIEEE N EH-4 5 (Armengaud et al. 2009). B U U ARZEMETF T, 7 b
VYU ISRERIICEFET 5 2 & s S AU TV D (Aurisano et al. 1993). Z O F
ELT, WU DARZIZED 7 DLy OARRESEELS, 7 Ly



WL ERIZER L, ML pH 2 & <ET L0 U U AOMREZ Al > TU o rTREM:
NE Z HIA(Smith 1973). — 5T, aAF, huytoay, ¥4 XBIOAL
AT ax B UL ERHGTEELTH, WWAELZEZE LETT2b00, 7
I BBHAUTIE T T, BRO SR L ORI A X OER ORI ILK
TEBPTHIEERESLHFH LRV E 5 A S H 5 (Shinano et al. 1990).
EAEMINCIRBIT D200 U LRFE L RFEB LORFERHOBKICISNT, YD
LETEEDA FRHEM CIIRER L OEZENH L, ~ ARMEY CIREREHE
EDRBRDBH L ENEZ LN, BERBIRY U EZTF TR, IV TLED
B LB SRMIC L > TELT D Z ERE X b (Osaki et al. 1996). FEDZEFR
ERVULEEROBKRIZIA R, bvErRaY, ¥ XBIOT XAFTIHRE
EOMBEBBTHoT. —J, METIITVELZREERZLE DY T LONRT
ARFERITHY, BREAFEOENMIZELLT I VAGAERITI—ETHD
WV B A RS Z L DNy o 72 (0saki 1995a). & BNV A v a OEFB IO
HEDIRTINNRT LV AFRBB LOERMAH OB RMEIZ L > TENT L &
i S AU72(0saki 1995b). = D L 5 \TFEAEY ORI EFE & 2 B AR & D
BRIIEMOF, B LOIFHSBREOA R CICL o THRERH L B2 b
L. U bEoZEns, BV ULRELRFELIOCERNH L RNETSE N H
D, WWEEICRESEELBRIEITZENABZOND.

AHEITIFER, VrBION Y U LRELEERIZOWD TR, £TE
MIZONWTOHATHD. BAEMIZE T HENLICOWVWTORRITIEEAE
FELZVONERTH D.

A ARHIEO B

H B AE DB e iR MR 2 72012, B AR O R TR X
O B ABRBEZERNI AT 2 iR GRS 2 B 5 Z LN EETH D, T,
m A 2 E e B AERNZ 31T 2 B A D plR & R T RN B9 2 AL ARy
MR ZEST D Z L DBBERRTH L. WMYOEHEREITIKFZB L OERD
MERBRICHS X ShB D, ERe PO LIEERE>OWIE, RILS L



P B FRES TR O A BRI EEIC K& B e H 2 5 L HETE 5. &
72, BT RIS L OERE TR IS X OV AR E & o0 FH AL RIER O RE I A Y
Lo THEA ThHD. ZOZ D ETIEL, KINCBHAT kxR EARNEY)
DIEL I T DIy R X OO M T FAERE & e BRI O 4R %
fRATS 5. ARFFEIC IV Tl L7 BARY 14 FED 5 b 7 FlIT TR0 &
DR DEMSICHEL TS, 202 LT EEERSCEE N LT HilEs
LTHRBLTNDZ EZERLTWD. 7RI ZHEY, W oE, B+
B, WAEMY OB, FHOBENWEZR > THRL 2O THY, HESPES LW
STEBBICKT 22N 0 7 MOBISHEIEZ2 5 Z L IXERRREICE T 2 Rk
BEDHRIZE S THETH S, £ TEND 7 MICBIT HBREERICKT 5%
SR T R A AR L OEBET LS. —FH, RRICBAET Sy 7 flC
XL, YD 7 FEIRILOESORDHETOR, (KUOHE & PR o # s,
HOHWVTIEEDOEmWHE TORE VST /FICAEAEL TS, ZAHIERES
NIEHRIZB W TOARBAL TS Z LD, SRICAAET 26 & 138725
BB L OB Z o Cnbp eEX 6D, £2C, Tho 7 #
DEF BT D BREE RN 2 ey AL e B ERBAFME 2 RE T 5. DRk
RIZAMERDZ L Z2/RTOT, 2EMEE L TORBITHRERMOISEN LR
AEL, BESMEOTREMENMRTINERS L. 20D, ETIELLHMIAT
b MR TR EFEIC K DR IS O EIT . ZHVE TICAAMIZB W T
D R IR G % MRS T SRR & BRBE TN & OBIRIC L 0 T 503, RICED K
9 TR LRI I E VD O ENDIRRICBBR SR 2L 5. R T b b Ak
IFERAHPRESBADoTNLEEZXOND. £ ZTEETRERERLB LD
FREICREREBELBRITT LEZXON DB NREICER L, EERKE
R ThLEHR, VrBRON Y U LERIEOREICRE LA 2170,
AR L ERAHOBREZTEL, RREKOENEZITT 2. K&IZ, KILA
AR D RCR NG, 70 b MR T R R K ORR, R T RIS K
O F RN LIFTREER B L ORI O B2 YR B2 PR AT
ICBET 5. RRSLOMERLE UL ISR L.



1) RINZAAT 2 BEAMEY 14 FOEHITHIT 2R & T RAERER o L%
BXOTN SHEMITKRT 2 BREZERN OB 2 R8T T 32720, hEL IO
HRCREAREMETD.

2) RILAIRIC A A9 2 BAREY) 7 FE o5 5 s 2 e 5 b o R 4R RS & RUR, H
R, TERESHDLWVHEEREOBEREER E OBRE S & ITHTT 5.

3) RINZRATHNC B £ 5 BN 7 FE 0 R kg 2 98 By L o R AR R & U,
MR, THERSH D VITEE R E O ARREERN & OBRE b L IEITT 5.

4y RINESICHAET 5 3 MagER, VBl ON U v AREZRIA < 21k
SHTKBEREE 21TV, RRIGE &R 2SI 2 A e 2 A 5.
WL EPEREAE & LT, BEREF G R, 7 X/ B2 KU Rubisco R G &
AT 5.

5) KL A Al O Mg T RERFER L ORE, MR ERER L OERNAH
28 KT TREER I L ORISR E OB Z Y R B TR A B R T 5.



0

RINZ B A 2 FEANY) 14 TEOTES 1 5 M TR R &
WA ERAE O BAAR

HAMEAOE D) 2R 2 MRS 57201, ETITEAMICK T 5 8 £ o
Al & MR TR B 2 ARV R 2150 Z L BB EARAI R TH L. FHd)
DRVEEITRFA L L OEROMARRICHM X shBy, EFEehos L
T MR Sy DY &, WIS U724 TR MERE S0 58 O AR ALBIAR DS R B BEIC R & 70
WEEHE2DHEZEZR DD, RETIE, KIUICHAET DR~ 72/, fl, Bk
OMEIZ BT 2 FAREY) DRES 2361 58 WIURES K OV S IR e R EE R &
HESERERFE DBIRZ T L7, 207201, KINZHAT 2 14 OES 2
FT2ER, Vo, DIUL, IV LABEOR~ 72T LEGHREI5HT LT
£, RETHEOSREL LT, 8 pH, EXREE, HHEER, aeY
Vg, SWWMER D UL, ANV ABIOR AT AREZGTL, HE
THAEMIZKT 2RI L UHUE & B 28 LTl L7,

HLET MEEE D7k
1. a3 L O

PRI RKINC BT 2 v 2 HEY) 2 FE, H7-3ERY) 6 Fids L OV 12 6
MO 4FEE L, TNy OfEs, g, M4, B4, BB I0BEAETS
M 22 2-1 lZR L7z,

FHAHUI R I LR LAV O A USRS 850m), B S (HE R 1200m)$s &
O C HR RS 1500m)D 3 Hif & L7z(1¥ 2-1). A BXLOB #IAIX7 FE IO
RS TR EOEEBAPELET LR ERARHETHY, ZOWKIITHRY Y,
EAETBLRZ XU NREDEARB LT U~ EOBERMY N H AT
L. CHEFA AR XY TRY, VI I TR EDERBIO~AA YV Y U
KOF A7 774 Y Ui EOFRMM R AET HIEAK - EAHETHD.
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Figure 2-1 Location of study sites on Mt. Daisen. Along the Mountain Trail of Mt. Daisen,
three sites (site A; altitude 850m, site B; altitude 1200m and site C; altitude 1500m a.s.l.)

were selected as study sites.

2. KRB L OHURE O ME

TEHIF P OKIEZRET D72, 2006 47 A 13 H22H 10 A 31 BB X O
2007 4E7 H 27 B2>5 10 A 17 BIZ/NE EE | E #%(Thermo Recorder TR-52, T & D
Co. Ltd, Nagano, Japan)% &Him(ZB W THLE 15cm OFE SICHE L. &6
2007 FF7 A 27 HH 6 10 A 17 BIZEHSIZB W CRIAERR 2 FHWEE 15em O
TEEREARE L7z, BHIAIZBWT, HlESREHE LI, 2007 47 H 27

69 BAETOLERET -2 LT L LR TE ol

FIrP oK KO 2 10 73 T L ICHE L7z BEKUEROME E LR L.
F7z, BEKIER X O Z B EEE ORI X v 157z,



3. fEM R L O OB

KRINZAAT 2 BAMEY 14 OEY %% 2-1 IR T HAERIICBNTEREN
BRI L7z, 200547 H19 B, 8 H29 H, 9 H22 H, 10 H 20 A3 L2006 4
THI13H, 8 H25H, 9H22H, 10 H31 RIZIIHETFEMM THLE Y )
A7, FXTH, YT KRN IXFRBIOYA VLY TEIORTEEREY
Thdrr~7Fvav~, AZRY, IV~ UINRNIBIOA A I=avE]
ZERIL7Z. 20077 A 26 H, 9 A4 H, 104 17 HZIZVFHHTHL Y~
AXTVITEBIOA VY, BFEED THLA 7 ) R 7, FaaY, v A
TNV TBILRa v a RN BIORTFEEY THOL Y~ T X a v,
AZ KV, SEXFBLOAA NN ZH L. ENEhORICENT, 12 ~ 15
KOTEREAEZBRR L. I L2 ToRE %2 70°C T 72 Wil g L,
WEARE L, WLk, TR TR LT,

AN OBREBUGHT O K8 LA BRE L7otk, RS 5~ 15cm ORE 5% 4%
A FICERIR L7z, SR L 7 B2 A S, Smm D550 EE LT
%, SoHTHBEE LT,

4. fiEs L OO 54T

EROAFRLWET D720, WL A€ I I 7 v L ¥ —/LiE(Bremner and
Mulvaney 1982) C/3fig L 72, A 7 —1£(Yuen and Pollard 1952) THAEE L7z,
U v %) R Y TR A5 (Watanabe et al. 1998), 7 U o7 A% 28 K1(Z-6100
Polarized Zeeman Atomic Absorption, HITACHI, Tokyo, Japan), /L3 7 AE XY
~ TRV N RO LR B K HlE L.

3 pH(H,0)1E, 10g @ 3BT 25ml OFRBKZ M Z, 1 BB L
72, pH A—% —(pH/COND METER D-54, HORIBA, Kyoto, Japan) CH|E L 7=.
BRAREEE(EC) T pH HIE R OIRBILIC & 512 25ml OB K&E M, 1 KRR
FERH L2, BC A—Z—(A L) THE L. 2EHFLEIII/nrrgd—L
ECHIE Lz, AlfaRe ) VERIRE A 7 LA 8 11 5 CTHIE L 7= (Bray and Kurtz
1945). TEERZHHED Y UL, WA T ABI O~ R U LAERET L7290,



TR 1.5 2 IMERE T T =7 A 30ml TG L%, » U v L&+
W5 Y EE 22 (AA-6800, SHIMADZU, Kyoto, Japan), H1/L 7 LB LN~ 7 %
U LE T T A= 34 HEICPS-2000, SHIMADZU, Kyoto, Japan) Tl L 7=.
AREIZBNT, AlFREEY v, BTV U A, ANV T ABIN I Ry
L7 2006 FEFRB L R2007 SEDA T ) I AT, =P )R FER, FA2Y,
Y7 X arveBLU0M ¥ N OREHEIZBWTORAE LT-.

5. weEkALE

HEFHAENT 2 SPSS statistical program version 10.0 (SPSS, SPSS Japan Inc., Tokyo,
Japan)& W TITo 70, W) O THE S A R & TEIEM T RIRER ORMR, =
FROAELUMERORRBLOERGARL Y VBXUON Y U LAEHERD
BRI B W TR ST 21T o 72(P < 0.05). BRZREARLV U BIOM Y v LAE
AHRMOBRIZI T 5O 8E t EP < 0.05)IZ L > THHr L.

H2H AR
1. &3S L OME

H SR (C)IE A HiLS > B H#15 > C HLS DN & 72> 721K 2-2(a) 38 L T(b)).
AR GRIT 9 H £ T 2006 4 & 2007 42 THELL TV 22y, £ D% 2006 4T
TR A IR N D > TR MTAR T L7z, 2007 FEClk 9 A% E TIEmse
NAET L, £01% 10 AIZEMIET Lz, EHETOFRXEEIZ A, BE
LN C HRTENZEI 2006 FI2IBWTIL 17.7, 15.5 B L TUN13.3, 2007 FlzFB0
TIX19.2, 171 BLC15.0 TH -T2,

3HLRICHIT S BES BEERE(C)IX 9 AR E TIEH £ W BT, 2Dk
KT L72( 2-2(c)). FAEBIMTH OF-H HHEEEIL A, BB LOC S TENE
170, 1598 L N12.7 TH o7z,

2. B
T2 pH I3 HIATE K OMER AT L C 4 ~ 6 O Td - 72(14 2-3). 14 pH



IFTABIOBHATHEHEUL TWEZR, o2 5K 6 CHAIZEHNTado
7o, F7z, 2005 F LD B 2006 FFids L2007 FFIZBWTE2 -T2, LEEEC I 1
~25uScem” SRR BB L, oo 2 S Xk b A HUSIZBWT, £72, 2006 4F
B L2007 L0 1 2005 4E 2BV TED - 72, 2005 458 L TR2006 4R I2 BT,
T3 EC 1IMFIZ M D> TEIERNIR T3 DM 23 7 S 407223, 2007 4280
TIZ9 AIERTL, 20% 10 HIZ LA L7z, RERREIL A HAIZHBNTS5~9
mgg THY, BEBIORCHAICBONTIZ2~5mgg Thoz. EHMTE
L OERB O EEREELTLIT/NE -T2, AfGReY U FEIEREIX0.1~04mg g’
Th O, HRFHOEIT/ N E o723, 2007 4F £ 0 2006 4R 123V TIERD > 7.
RHNET ) T, AN T ABIRY 72U AREIZZNEL0.1~03, 0.5~
6.0 BLTN0.2 ~ 1.5 cmole kg! THo7=. k) 7 A, I T ABLIO~
TR0 MREIZE T DR X ORI OZIT R 6o T,
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Figure 2-2 Mean daily air temperature (°C) at three sites during the sampling period from Jul.
13 to Oct. 31 in 2006 and from Jul. 26 to Oct. 17 in 2007 and mean daily soil temperatures
(°C) at three sites during the sampling period from Jul. 26 to Oct. 17 in 2007. The arrows
represent the days of sampling the plant and soil, on Jul. 13, Aug. 25, Sep. 22 and Oct. 31 in
2006 and on Jul. 26, Sep. 4 and Oct. 17 in 2007.
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Figure 2-3 Soil chemical properties in three sites on Jul. 19, Aug. 29, Sep. 22, Oct. 20 in
2005, Jul. 13, Aug. 25, Sep. 22 and Oct. 31 in 2006 and Jul. 26, Sep. 4 and Oct. 17 in 2007.
Bars in figure indicate S.D. value (4 ~ 44). EC, electric conductivity; N ,nitrogen; P,

phosphorus; K, potassium; Ca, calcium; Mg, magnesium.

3. EHITRIT D L EREEREOBR
B 4FEIZBWT, A LA TOH R LUOMFER Tz E & ERERERIC

AEARTEOHBEBEZEAR OGN, LLARRE, ZORYFEROMEE 13,
AR H D WVITHFERM TR > T, MBS XOERETE & TRRERO
&, TRbbEREREQDIY OHMEHQ)IIA 7 ) W ATBLOYay
Ta Uy TIEENEN 4451 BLU5839 LA ThHhoTz. —F, Y~A XU
v, FAvH, FvXxHY, Y~V /KRNI RX, FeTXra BRI 0A
FH=avF Y T30 ~35 LESTPRET, o6 MIZHWTIH20~25 L



BN ThH ol VHEMPIZBNT, Y~ XTTETILCHIRE AHED,
X TITAHSE BHISAOHEE R ZNETNARBICE > TV (K24 BLW
#2-2). HTIERMIZEBNT, 37 B AT B X OF T2 U ClI& s o
SICHERETIAONR 2T, —T7, Y=Y /R FXFRBLIO~A VLY
U CIEAAET O MAR OB E NEEIZE RS> TWe, 27 2 A5 T 3 4
A TOFERMOMEENFEICR > TEY, v YL Y U TIE 2005 4 & 2006
FB LDV 2007 & 2005 FOMENFEICEL > TV, FvFFHBLOY
~ VRN FFRCBWTIFEREA DO IT L 5FE TR b oTe. W+
EREMIZCBNT, Y~ ¥ a v~ TR AR & BHUSE X ONCHS & A HUS,
AZRVBIRIVPIEZANITIIBHIAE CHIEBIOCHIARE AR, &
FHh=ayxr), FEXFBIRIA N TITAMAE BHEOEENENEN
BlIZR s TWe 0, Y~7 v a v~vBXU ¥ KU TiX20064F & 2007
F, 2007 - & 2005 FFOMEE NAREICE R > TR, IvTHINRNIBILOAA
=ayEl TIHMEZOEWVIZA N7,

Table 2-2 The differences of slope for regression line in the relationship between amount

of nitrogen accumulated and dry weight in leaf blades at each site and year

Class Species Site Year
Pteridophyte A. vidalii C-A —
D. crassirhizoma  A-B —
Monocotyledon  C. foliosissima n.s. 2005-2006, 2006-2007 and 2007-2005
S. palmata — n.s.
T. affinis A-B n.s.
M. dilatatum B-C 2005-2006 and 2007-2005
D. smilacinum n.s. —

H. orientalis — —

Dicotyledon A. dioicus A-Band C-A  2006-2007 and 2007-2005
P. cuspidatum B-Cand C-A  2006-2007 and 2007-2005
0. gliffithii B-Cand C-A n.s.
C. nikomontana A-B n.s.
A. princeps A-B —
P. asiatica A-B —

The differences of slope in regression line in each site or year were analyzed by
regression analysis (P < 0.05). n.s.: not significantly different, - : not determined due to a

single specimen in site or year.
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Figure 2-4 Relationship between amount of dry matter and amount of nitrogen accumulated

in leaf blades in 14 species at each site and year.



4. EHIZBTHEFRLY U DH0EH ) v AEREMOBER

VEREMTH D 2 MOEFRLEY UBLION Y U AEHEMOBRIZBNT,
YA XU T ETIEAHRICIENT 3 oRE AR OBRICHEZRIEOHBIR
AL, FRETIEEERHABEBERIIR O o72 (X 2-5 BROE
2-3). —HAVHTIEELLOEFRMOBRIZBWTYH A BX OB #iHET
AELRHBEBERIZA LN o725 DD 2007 2B W CHEZRMEBBIR S 5
Nic. MfEEBEFRLY U BLUON Y v AEHERMOSBIIHAH CTAERICR
o Tz, HYEMMICBWT, Yavla v\ ~DEREDI VLGSR
RO C HIRZRETXTORICBWT 3 tEEAEMEOBRICETOMAT
AEZBEBRIIRONRN -T2, FRTREGS, EH LY UEAEMICE
WTCHA T B AT 2006 4R E 2007 4RI, FFFHRBLIOY~Y /R b
KA TIL 2006 FI2, <A YLV 7Tk 2005 A EZ2HEBERBERNH - 7-.
ERENV T LEHEMIBNT, FvFFHBLRY~Y /A b FFRTIE
2006 I, v A VNV UTIERTOFEIIEWTHERMBARBER RN, 3
THERMOZHICBNT, 727 ) W AFBLOTF I ClIaH &Ml L7
Mol Y=Y /RN FFATIE 3 iHk M, v A YNV U TIIEHREDI Y
LEAREORRICEW THAH THREIZE R > TV, £2TOMIZBWNT
3EERM O EITFRM TR > Cne, M ERMYOEFR L ) v EAFM OB
RIZBWT, Y~7F T aU~vTITABLOBHA, IvY~I¥ N3, 4D
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Figure 2-5 (a) Relationship between nitrogen and phosphorus or potassium concentrations in

leaf blades in 14 species at each site and year.
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Table 2-3 Correlation and variance between nitrogen (N) and phosphorus (P) or potassium

(K) concentrations in leaf blades in each site and year

Class Species N-P N-K
correlation coefficient variance (P <0.05) correlation coefficient variance (P < 0.05)
site year site year site year site year
Pteridophyte A. vidalii A* ns. A-BandC-A — A* ns. A-B-C —
D. crassirhizoma ns. 2007** A-B —_— ns. 2007* A-B —
Monocotyledon  C. foliosissima n.s. 2006** and 2007**  n.s. 2005 -2007 n.s. n.s. ns. 2005 - 2007
S. palmata ns. 2006** — 2005-2006 n.s. 2006* - 2005 - 2006
T. affinis ns. 2006** A-B 2005-2006 n.s. 2006%* A-B 2005 - 2006
M. dilatatum ns. 2005%* ns. 2005-2007 ns. 2005**,2006**, B-C 2005 - 2007
and 2007*
D. smilacinum n.s. ns. ns. — n.s. ns. ns. —_—
H. orientalis ns. n.s. — — c* n.s. — —
Dicotyledon A. dioicus A**and B¥  2005%* and 2007** A-Band C-A  2005-2007 C* 2005**,2006**,  A-B-C 2005 - 2007
and 2007**
P, cuspidatum ns. 2005%*, 2006%*, C-A 2005-2007 C* 2005**,2006%,  A-B-C 2005 - 2007
and 2007** and 2007**
O. gliffithii A* 2005* A-Band C-A 2005 -2006 ns. 2005%* A-B-C 2005 - 2006
C. nikomontana Ax* 2005** and 2006*  A-B 2005-2006 n.s. 2005%* A-B 2005 - 2006
A. princeps A* 2007** A-Band C-A — A*and B¥  2007** A-B-C —
P. asiatica C* ns. A-BandC-A — A*and C¥*  n.s. A-B-C —

The relationship between N and P or K concentrations in leaf blades in each site and year
were analyzed by linear regression analysis. Variance of the means for the there relationship
in each site and year was analyzed by t-test (P < 0.05). A, B and C : site, 2005, 2006 and
2007 : year, n.s.: not significantly different, - : not determined due to a single specimen in site
or year, * P <0.05, ** P<0.01.
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Table 3-1 Soil chemical properties in four positions at three sites

Site A Site B Site C
pH (H20) Position 1 4.71a 5.01a 4.58b
Position 2 4.86a 4.85a 5.28a
Position 3 4.41b 4.73a 5.13a
Position 4 4.54b 4.69b 5.71a
Average 4.63¢ 4.81b 5.20a
EC (uS em™) Position 1 9.39a 2.95b 3.37ab
Position 2 5.44a 5.47a 3.87a
Position 3 8.8la 2.78b 2.93b
Position 4 6.69a 3.72b 1.99b
Average 7.76a 3.57b 2.97b
Total C (g kg") Position 1 76.79a 44.22b 64.58b

Position 2 71.57a 48.31b 52.22b
Position3  124.19a 51.45a 35.10a
Position4  109.17a 93.44a 25.78b
Average 95.94a 61.98b 43.32b

Total N (gkg) Position 1 5.73a 3.31b 4.80b
Position 2 5.55a 3.63b 3.69b
Position 3 8.51a 3.76a 2.87a
Position 4 7.67a 5.85a 2.21b
Average 6.86a 4.27b 3.33b
Available P (mgP20s kg") Position1  207.45a 330.48a 156.28b

Position 2 225.96a 309.28a 28291a
Position3  284.50a 356.80a 171.67b
Position4  200.81ab  173.40b 254.50a
Average 226.34ab  279.48a 218.59b

Exchangeable K (cmolc kg Position 1 0.16a 0.13a 0.18a
Position 2 0.13a 0.11a 0.16a
Position 3 0.29a 0.14a 0.12a
Position 4 0.28a 0.18b 0.12b
Average 0.22a 0.14b 0.14b
Exchangeable Ca (cmolc kg") Position 1 297a 1.09b 1.74ab
Position 2 4.06a 0.90b 2.79a
Position 3 3.48a 0.84b 0.71b
Position 4 3.29a 1.43b 1.91b
Average 3.44a 1.10b 1.79b
Exchangeable Mg (cmolc kg)  Position 1 0.77a 0.35b 0.57ab
Position 2 0.97a 0.27b 0.84a
Position 3 1.22a 0.28b 0.25b
Position 4 1.08a 0.67ab 0.55b
Average 1.01a 0.42b 0.55b
Exchangeable Na (cmolc kg']) Position 1 0.07a 0.06a 0.06a
Position 2 0.07a 0.07a 0.06a
Position 3 0.11a 0.09a 0.05a
Position 4 0.08a 0.09a 0.04b
Average 0.08a 0.08a 0.05b
Exchangeable Al (cmolc kg')  Position 1 1.73a 1.70a 1.87a
Position 2 1.35b 1.67a 0.89b
Position 3 2.78a 1.89a 0.96b
Position 4 1.88a 1.73a 0.27b
Average 1.94a 1.75a 0.94b

Position 1, 2, 3 and 4 was inhabited by A. vidalii and C. foliosissima, A.dioicus and
P.cuspidatum, A. princeps and P. asiatica and O. gliffithii, respectively. EC, electric
conductivity; C, carbon; N, nitrogen; P, phosphorus; K, potassium; Ca, calcium; Mg,
magnesium; Na, sodium; Al, aluminum. Different letters indicate significant differences at P <
0.05 according to Fisher’s least significant difference (LSD) test. The average value over 4
positions at each site was compared among sites. The value of 4 positions at the same site was

compared among sites.
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Figure 3-1 Nitrogen (N), phosphorus (P), potassium (K), calcium (Ca) and magnesium (Mg)
concentrations in leaves at three sites on Jul. 26, Sep. 4 and Oct. 17, in 2007 and Jul. 13, Aug.
25, Sep. 22 and Oct. 31, in 2006. Vertical bars represent significant differences at P < 0.05
according to Fisher’s least significant difference (LSD) test (n = 12 in 2007 and n = 16 in

2006); n.s., no significant difference.

Table 3-2 (a) Nitrogen (N), phosphorus (P) and potassium (K) concentration in leaves at three sites

N concentration (mg g™) P concentration (mg g!) K concentration (mg g')

Species Site A Site B Site C Site A Site B Site C Site A Site B Site C

A. vidalii 33.02 a 28.46 b 26.15b 245 a 354 a 295a 2538 a 28.15 a 17.94 b
C. foliosissima ~ 284la  2757a  3090a 242a  222a 26la 3322a  3268a 3403 a
A. dioicus 31.17 a 27.56 b 31.82 a 224D 229 b 3.07 a 14.81 a 13.23 a 15.66 a
P, cuspidatum 4413a  4144ab  37.17b 323a  355a 3.l4a 1225 b 19.37 a 957 b
A. princeps 52.35a 36.84 b 37.85b 5.06 a 435a 432 a 40.66 a 3140 b 17.27 ¢
P. asiatica 40.10 a 30.02 b 37.18 a 359 a 3.49 a 381 a 1830 b 18.56 b 2922 a
O. gliffithii 37.08 a 32.80 b 31.67b 257 a 245 a 273 a 46.40 a 4252 ab 4117 b

Different letters indicate significant differences at P < 0.05 according to Fisher’s least

significant difference (LSD) test.



Table 3-2 (b) Calcium (Ca) and magnesium (Mg) concentrations in leaves at three sites

Ca concentration (mg g'') Mg concentration (mg g!)
Species Site A Site B Site C Site A SiteB  Site C
A. vidalii 745b  812b 1084 a 602a 4.19b 533 ab
C. foliosissima ~ 4.11a 3.59a  376a 247a 237a 216a
A. dioicus 1133 a 11.86 a 1295 a 591a 410b 5.17a
P, cuspidatum 13.47a 10.77 a 13.75 a 6.16a 383b 569a
A. princeps 13.01 a 1221 a 1253 a 360a 3.09a 3.07a
P. asiatica 23.08a 2390 a 20.55 a 6.19a 545b 4.15¢
O. gliffithii 7.99 b 7.04 b 12.05 a 462b 398c 543 a

Different letters indicate significant differences at P < 0.05 according to Fisher’s least

significant difference (LSD) test.
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Table 3-3 Correlation coefficient (r) between mineral concentrations in

leaves and soil mineral concentrations

Species N P K Ca Mg

A. vidalii 0.267 0.102 0.032 -0.299 0.116
C. foliosissima  0.181 0.023 0.238 0.516** 0.441*
A. dioicus 0.610%*  0.048 0.426%* 0.359* 0.619%*
P. cuspidatum 0.647**  -0.183 0.221 0.208 0.544%%*
A. princeps 0.505**  0.161 -0.118 -0.167 0.034
P, asiatica 0.449%* -0.005 -0.388*  -0.019 0.321
O. gliffithii 0.439*%*  0.072 0.396**  -0.190 -0.009

N, nitrogen; P, phosphorus; K, potassium; Ca, calcium; Mg, magnesium. Correlations were
investigated using Pearson’s correlation coefficient tests at *P < 0.05, **P < 0.01 (n = 36 in
2007 and n = 48 in 20006).

Table 3-4 (a) Correlation coefficient (r) between mineral concentrations in leaves and

cumulative air temperature for experimental periods and daily mean air temperature at

sampling day

Cumulative air temperature Daily mean air temperature
Species N P K Ca Mg N P K Ca Mg
A. vidalii -0.127 -0.349*%  -0.034 0.460**  0.282 0.373* 0.134 0.112 -0.696**  -0.106
C. foliosissima 0.061 0.071 -0.192 0.533**  (0.473** -0.146 -0.320 0.213 -0.442%%  -0.364*
A. dioicus -0.360* -0.468**  -0.285 0.038 -0.228 0.372* 0.032 0.151 -0.095 0.349*
P. cuspidatum -0.304 -0.557*%*%  -0.351* 0.719%*  0.340* 0.513**  0.460**  0.434**  -0.631** -0.152
A. princeps -0.007 -0.395*%  -0.158 0.475%*  0.477** 0.281 0.205 0.463**  -0.257 -0.301
P. asiatica 0.380* -0.470%*  -0.400* 0.253 0.370* -0.233 0.090 -0.089 -0.184 -0.044
O. gliffithii -0.170 0.447**  0.161 0.201 0.244 0.303* -0.412*%*  0.085 -0.383%*  -0.328*

N, nitrogen; P, phosphorus; K, potassium; Ca, calcium; Mg, magnesium. Correlations were
investigated using Pearson’s correlation coefficient tests at *P < 0.05 and **P < 0.01 (n =36
in 2007 and n = 48 in 2006). Cumulative air temperatures were obtained by integrating the

daily mean temperature.



Table 3-4 (b) Correlation coefficient (r) between mineral concentrations in leaves and

cumulative soil temperature for experimental periods and daily mean soil temperature on the

sampling day
Cumulative soil temperature Daily mean soil temperature

Species N P K Ca Mg N P K Ca Mg
A. vidalii -0.115 -0.558**  -0.239 0.409* 0.306 0.571**  0.062 0.110 -0.740%*  0.131
C. foliosissima -0.048 -0.040 -0.300 0.389 0.276 -0.135 -0.258 0.238 -0.242 -0.177
A. dioicus -0.324 -0.590*%*  -0.327 -0.209 -0.155 0.423* -0.009 0.163 -0.142 0.476*
P. cuspidatum -0.197 -0.593%*  -0.585**  0.768**  0.500* 0.507**  0.444* 0.378%* -0.558**  -0.036
A. princeps 0.126 -0.214 -0.030 0.369 0.447* 0.454* 0.212 0.506**  -0.205 -0.207
P, asiatica 0.547**  -0.353 -0.351 0.236 0.367 -0.134 -0.025 -0.196 -0.148 0.062
O. gliffithii —_ —_ —_— J— J— J— J— J— J— J—

N, nitrogen; P, phosphorus; K, potassium; Ca, calcium; Mg, magnesium. Correlations were
investigated using Pearson’s correlation coefficient tests at *P < 0.05 and **P < 0.01 (n =24
(cumulative temperature) and 28 (daily mean temperature)). Cumulative soil temperatures

were obtained by integrating the daily mean temperature.
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Table 4-1 Soil chemical properties in three positions at three sites

Site A Site B Site C
pH (H20) Position 1 471 b 501 a
Position 2 501 a 4.58b
Position 3 4.72 a 4.69 a
Average 471 a 483 a 4.58 a
EC (uS cm") Position 1 9.39 a 295b
Position 2 295a 337 a
Position 3 528 a 3720
Average 643 a 339b 3370
Total C (g kg'l) Position 1 76.79 a 4422 b
Position 2 4422 a 64.58 a
Position 3 88.47 a 93.44 a
Average 8521 a 7234 a 64.58 a
Total N (g kg™) Position 1 573a 331b
Position 2 33l a 4.80 a
Position 3 6.11 a 585a
Average 6.0l a 476 a 4.80 a
Available P (mgP20s kg'l) Position 1 207.45 a 330.48 a
Position 2 33048 a 156.28 b
Position 3 168.23 a 173.39 a
Average 179.18 b 240.72 a 156.28 b
Exchangeable K (cmolc kg'l) Position 1 0.16 a 0.13 a
Position 2 0.13 a 0.18 a
Position 3 023 a 0.18 a
Average 021 a 0.16 b 0.18 ab
Exchangeable Ca (cmolc kg'l) Position 1 297 a 1.09 b
Position 2 1.09 a 1.74 a
Position 3 240 a 143 a
Average 2.56 a 129b 1.74 ab
Exchangeable Mg (cmolc kg'l) Position 1 0.77 a 035b
Position 2 035a 0.57 a
Position 3 0.79 a 0.67 a
Average 0.78 a 0.54 a 0.57 a
Exchangeable Na (cmolc kg"l) Position 1 0.07 a 0.06 a
Position 2 0.06 a 0.06 a
Position 3 0.08 a 0.09 a
Average 0.08 a 0.08 a 0.06 a
Exchangeable Al (cmolc kg‘l) Position 1 1.73 b 1.70 a
Position 2 1.70 a 1.87 a
Position 3 1.77 a 1.73 a
Average 1.76 a 1.72 a 1.87 a

Position 1, 2 and 3 was inhabited by D. crassirhizoma and D. smilacinum, M. dilatatum and H.
orientalis and S. palmate, T. affinis and C. nikomontana, respectively. Different letters indicate
significant differences at P < 0.05 according to Fisher’s least significant difference (LSD) test.
The average value over 3 positions at each site was compared among sites. The value of 3
positions at the same site was compared among sites. EC, electric conductivity; C, carbon; N,
nitrogen; P, phosphorus; K, potassium; Ca, calcium; Mg, magnesium; Na, sodium;

Al aluminum.
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—F: Site A, <O~ : Site B, —A—: Site C
Figure 4-1 Nitrogen (N), phosphorus (P), potassium (K), calcium (Ca) and magnesium (Mg)
concentrations in leaves at three sites on Jul. 26, Sep. 4 and Oct. 17, in 2007 and Jul. 13, Aug.
25, Sep. 22 and Oct. 31, in 2006. Vertical bars represent significant differences at P < 0.05
according to Fisher’s least significant difference (LSD) test (n = 12 in 2007 and n = 16 in

2006); n.s., no significant difference.
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Table 4-2 (a) Nitrogen (N), phosphorus (P) and potassium (K) concentration in leaves at three sites

N concentration (mg g') P concentration (mg g') K concentration (mg g!)
Species Site A Site B Site C SiteA  Site B Site C Site A Site B Site C
D. crassirhizoma 38.26a 23.94b —_— 3.50a 2.12b —_— 1791a 15.30a —_—
S. palmata 22.67 —_— —_— 3.14 —_— —_— 23.10 —_— —_—
T affinis 26.51a 22.68b — 1.49a 1.56a — 29.54a 19.85b —
M. dilatatum —_ 32.51a 30.76a —_ 3.22a 4.23a —_ 22.24a 12.25b
D. smilacinum 26.96a 27.90a — 2.02a 1.77a — 17.28a 18.13a —
H. orientalis —_ —_— 17.82 —_ —_— 1.32 —_ —_— 13.70
C. nikomontana 29.25a 24.42b —_— 2.18a 1.82a —_— 24.47a 24.96a —_—

Different letters indicate significant differences at P < 0.05 according to Fisher’s least

significant difference (LSD) test.

Table 4-2 (b) Calcium (Ca) and magnesium (Mg) concentrations in leaves at three sites

Ca concentration (mg g'') Mg concentration (mg g™')
Species Site A Site B Site C Site A Site B Site C
D. crassirhizoma 7.61+127a 6.53+£0.96 b —_ 6.37+£0.71 a 3.94+0.74 b _
S. palmata 1.97+£0.48 —_— —_— 1.57+0.90 —_— —_—
T. affinis 17.45+534a 16.85+4.26a _ 8.64+1.98 a 10.00+3.16 a
M. dilatatum e 8.88+2.56a 11.45+497a e 4.16+1.05a 3.60+£0.68 a
D. smilacinum 1432+3.94a 12.48+2.78 a — 7.86+1.14a 7.54+1.65a
H. orientalis — — 9.26+5.95 — — 342+1.41
C. nikomontana 15.77+3.34a 15.81+£3.04a — 572+1.11a 636+1.52a

Different letters indicate significant differences at P < 0.05 according to Fisher’s least

significant difference (LSD) test.
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Table 4-3 Correlation coefficient (r) between mineral concentrations in

leaves and soil mineral concentrations

Species N P K Ca Mg

D. crassirhizoma -0.220 -0.436*  0.055 0.672*%*  0.463*
S. palmata -0.293 0.390 0.589* -0.342 -0.471
T. affinis -0.121 0.172 -0.247 0.156 -0.042

M. dilatatum 0.248 -0.271 -0.103 -0.546** -0.313
D. smilacinum 0.149 -0.136 0.138 0.430* -0.150
H. orientalis -0.712*%*  -0.574*  -0.637*  0.493 0.106

C. nikomontana  -0.103 0.077 -0.397 0.590**  0.399%*

N, nitrogen; P, phosphorus; K, potassium; Ca, calcium; Mg, magnesium. Correlations were
investigated using Pearson’s correlation coefficient tests at *P < 0.05, **P < 0.01 (n = 36 in
2007 and n = 48 in 20006).



Table 4-4 (a) Correlation coefficient (r) between mineral concentrations in leaves and

cumulative air temperature for experimental periods and daily mean air temperature at

sampling day

Cumulative air temperature Daily mean air temperature
Species N P K Ca Mg N P K Ca Mg
D. crassirhizoma ~ 0.554**  0.055 -0.933%*%  (0.872%*  0.527** -0.468*  -0.209 0.927*%*%  -0.653**  -0.342
S. palmata 0.078 -0.029 -0.188 0.500%* 0.486* 0.234 0.098 0.172 -0.237 -0.175
T. affinis -0.493**  -0.355*  -0.242 0.640**  0.563%* 0.542%%  0.446* 0.391* -0.515%*  -0.635**
M. dilatatum -0.708**  0.233 -0.366 0.711%%  0.749%* 0.787*%*%  -0.238 0.649**  -0.626** -0.442*
D. smilacinum -0.113 -0.220 -0.370 0.589**  0.210 0.280 0.220 0.389 -0.301 -0.321
H. orientalis -0.712%*  -0.574*  -0.637*  0.493 0.106 0.859**%  0.229 0.514 -0.019 0.397
C. nikomontana -0.103 0.077 -0.397 0.590**  0.399* 0.276 0.051 0.501**  -0.551**  -0.552%*

N, nitrogen; P, phosphorus; K, potassium; Ca, calcium; Mg, magnesium. Correlations were
investigated using Pearson’s correlation coefficient tests at *P < 0.05 and **P < 0.01 (n =36
in 2007 and n = 48 in 2006). Cumulative air temperatures were obtained by integrating the

daily mean temperature.

Table 4-4 (b) Correlation coefficient (r) between mineral concentrations in leaves and

cumulative soil temperature for experimental periods and daily mean soil temperature on the

sampling day
Cumulative soil temperature Daily mean soil temperature

Species N P K Ca Mg N P K Ca Mg
D. crassirhizoma 0.108 -0.483 -0.278 0.502 0.855%* 0.613**  0.462 0313 -0.040 0.215
S. palmata —_— —_— _— —_— —_— —_— —_— —_— —_— —_—
T. affinis —_ —_ —_ _— _— _— _— _— _— _—
M. dilatatum -0.789**  0.433 -0.776 0.909*%*  0.597* 0.755%*%  -0.025 0.463 -0.501* -0.359
D. smilacinum 0.170 -0.301 -0.786**  0.713**  0.228 0.226 0.284 0.454 -0.216 -0.357
H. orientalis -0.726*%*  -0.562*  -0.636*  0.474 0.082 0.851**  0.152 0.468 0.075 0.479

C. nikomontana [— [— J— JR— JR— J— —_ —_ J— R

N, nitrogen; P, phosphorus; K, potassium; Ca, calcium; Mg, magnesium. Correlations were
investigated using Pearson’s correlation coefficient tests at *P < 0.05 and **P < 0.01 (n =24
(cumulative temperature) and 28 (daily mean temperature)). Cumulative soil temperatures

were obtained by integrating the daily mean temperature.
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BLO 72U AEFRIIMMOR LY HIEWGERE - =2 1976a). £7=, ¥
FI N> T DEEEPIFFITDORL, BETE T T AREMR 15
IZHAEL TWD(EH 1988). LLAWITEICKIT2Z10 2 nR B AROMHEIT
MOFEL Y bR VIKN-Tc. o, BHW YV ULGHERE HEDY U LARE,
AN ABIO~ T 3200 AERF R R 2 EOMHBIBIRM .
SNT-(EE 43 BXO4-4). ZNH50Z 05 Z O CIIEREMMENE L5



<, ANV T ABIO 72U MERMES, [UBOFBELZMSZIT, B
ULERN TR Y U LREOREEZITH LT AMFICORAELTNSD
ONb Lt £7o, PYREATLIHRMREREEIBETHLZ LD, LV
pH PMELS M T TH S A IS ZERATHAEL THDSDO0E LIV,

v a v Ya UG ERMO BT EEY TH Y, C HURICB W TORA
L, BR, VoBXUOAM YV U AREZIETOREOF TRHIKLS, I v
TR T, ~ 7RV AGARIIF v 2 FHFITRO TR o 12 (F 4-2). #Yy
BREARITE VT HEHRIER L OHIE & A B2 EOMBEBRS RS2,
WHER, VUBLOHY U AEAERIIEEOZN SR LA DM
BIRRN A OINT(F 4-3 B 4-4). o0 ennd, ZOME TR TRE
FBEMELS, mIREO TR, VB X0 Y v AI0Tx L TRPEDMEW 72912,
ROBERER CHEEZRATHAELTHDDMNE LIV,

LHEHE L TEZON T, EHHLL T ABLIO~ 7Ry 7 AEARITEL
OFETLEE, JURH D WVITHIRORELZ T T\, Iy 7 AB I~ 7 x
VU LERRIHEFERD L b RFERDICB N TEWI LB OND.
NG 2 TREARTHETEEY THLI VY~V /AN NFABLOTF AU T
LRFEEY TCHLA A I=avE) LEREICELS, TP TRMoT.
VIRV LAERRICBWTIESA YLV TBLIOYa v a v THIK
<, EEZELMOTHE LKL TRENoT. GAROEMRM O EIT T
MU DATRELS AN VT LABION IR ATHREWZD(HEAF 1977), 5
FIOFERIZBNTHHEB TRE S E RS> TWZOND LRV, T T A
F O~ 7Ry LREITIRT, BEICEHDLT —ETHY, HBOEEN/NS
<, BT LICAHMERERENBSIEAL TS, ZOHEEO I LT T LB
L~ 7327 ABMES S W EE IR E SR i B L 1E T 5 ORI
2005). INT T AB IO 7 XU AT B OB XL UOHNR O R 2 %
o9 < (FEF 2008; HHEFS 2008; D 2011), LT A A U HRIRIC T
Z WG St & L CH % C & 5 (White and Broadley 2003; Ruelland et al. 2009). %35
BLO) VEEUEHOREEZRET 2 BERERTHLH0Y, @ISO 546



TN T LRBEOBE IIZL > THMIEEIND LD i b H 2D (Komer
2003). ZO XKD LS RBRBORETIIINT D LABIRN- 2y
LRBOHEMOMEEZRESHIBLTWZZ ENEZOND.

UboZ s, RINZFEEFTRIC BAT 2 EANY 7 FEORES e R ERE AT
X, M, B XOMICLY RR-TEBY, UFOXA SITHET LI ENTE
o, 1) YHHEMOAFF, BTERYOY~Y )R N X ABIOTF I B
LMD OA A =a 7EVITABLOBM#IAICBALTEY, K&
HEIZFRVEZZbND. X, Y~ /AN X RABIOT A I=avE
VLR TR AR BAERICIRAT L, TR, KiRd DV TR & o
A BREEC S ST e RN AT 5, B O T W e RN AT )
AT Thole. ZNHOZ Lnn, HHERSPERET, KRB L OHEEN
BEWEREOEWHLEIZBWTHAETHZ ENTERVONE LRV, —F,
FA2 VIV T DERENLE, [R5 WVITHIEOREZRIZIT 5
DO, MO FRETHREEN A EMOBELZIFIT W, HREMEO R
TERINEZITHO XA T Tholz, LMLIOESLRATICALEL TS Z &
5, BNV AEARPEEBEZTOT VI L H DWW T RN O B AN
TRV, B T 2 RIREDOIENRNZ LI I VRGO E WA TIZE &
TERVONS LiLRu. 2) HABERY O~ A Vv o T B T RERE ) 158
TRBEIEF L2000, KB LOHIRZ: EORBERREORELZZ T
TVBEREOFHOVEETRRIN AT ¥ A 7 Tholo. BFREMMEITHRNDE O
D, @ESWERTE, VLA OTLREEHEERRJIRD D WVITHIRO LR L <
57 DIESOEVFE TORABAEL TND I ENEZ LN, 3) H T3
WMOF<FHPHIL A MR TOLBEALTEY, EGHINLITLEBLIUY
TR LNEBNELS, BV DL, IV TLABIRITI R LAEHENL
BhHDWITRIBROEBER ZIT D44 T Thotz., MHETREINABREEK
DB ZITT <, BREMMENDR 0 W2 SRR A HiE 2 EOH
ELTWNWDHZEREZONTZ. 7z pH DMES KV TETH S A Az ®
ATWDDNE LiLZew. 4) BPIERY O 3 72 a URD < IEEOE W C



WA TOHRALELTEY, ETOTRERNMELS, EHE, VrBLUHI UL
RN TERCX LIRWAOR B LT 57 A4 S Tholo., BREMMEILR
WH DO, EHE, VUrBLOA Y U ANERLS B U TImEMEW 72
12, bLBERER CHSEZRBATHELTOVDONE LiLRW.

B4 B

RIUNZJGATRIC BT 2 EAMMIC 1T 5 T B ERFE L BT 5720,
T, FvxHY, Y~ /)FNNXR, vV Y, FIAY, va v
TavunIvBLOA A I=a v ) 0EGERIL, BECESHEREAE
L7z, BHRIZRWT, SREREO B PR, B X OFHAESMORIRE X
UHUR HHE L7, ZOREE, 2 b 7 FOBREIC T 2 @IS 2 LT o 4
ATIHETHZENTEZ. ) YHEYOF T Z, BEFY O~ /R
FFFRABLIOF T2 ) BLORFEEYOA AT =a vV TABIOBH#
FICABZELTEY, EKEBSHHEIZTH. A4, Y~V /A N FXFRBIOA
AH=a e Y IS TRER BAEMEB OB RREICKF L, KER
BORELZTOTWERTHERNO BEEOFHNZ A S ThH Y, AXRE, K
BB XCHEMEDVESOEWHS TIZAAET D2 ENTE RN, T2V T
Ny MERNAAERBEOEBEEZIT 5000, ol TRERN H AR
DERBEZIFIC W, BEMEORWIEE TERINETT) XA 7T, RETE5
TERBEDENENZ LI LV EGORmOHS CTIXAATE 220, 2) H{-4EHE
MO~AYNVY TIEBEBLIOCHATOARELTEY, MECRERN T3
TERIEE & B < B BRIE DML Z 090 BARMEO T W TR A 1T 5
B ATT, BRBEMIEITTROAD, @ESTMIIHRATE <, EEommOH#ig T
DHALELTND I ENEZ BN, 3) HTEMYOT ~ V13 A HiSICo
HHALTEY, BV TL, INVTTLIBIOY T2 U LEHEENPKE RS
KT T D44 T Thole., BRBMERRVH, K0@BHELETHL A
HEZRBAUTHEL TS Z ENEZ LN, 4) BTPEMEYOT a7 9 TN
N IIEEDOEN C A TOABALTEY, £ TORFERBMKLS, £,



VoBXOD Y U LAEREN HERSEEIKGFT 224 7 ThoT-. BREM
PEIFTRVS, R, VB OI U U LARENIEKZ: BB L TIRmMESME
W= DIZ, b BARELHEZBATHAEL TWVWDAONE LIV,



o5

KILARICAAETAF T ) o AY, Y~ av<BILO
A A KU Ok
- EREOT FREREEER L OE & ZEZH o BE%

3 EICBWTC, KINAICHAET 2 8AMY 7 /o 1R, KR, HiE
BLOES & W o e REITH T 2 B B T R EROICE AR E LT L 2 A,
INDOREBKIIR ST\, ZOHRT, 7 )WV ARYF, Y~T %3
UvBIXOM FZ N Tl g, KR, HIRR X OEEOENEES O IrHEER

ICBRIETREITR2 > TV, 210 3 FEIOEL OLHEREMICE T DRk
W%, &7 ) AT TIE, ALY T LBLOS 7 %2 T AEARUSME L
TERBE KT AT NE <, KR, HEBIOES R EORBEREICH
KA LR B DRV S E RN AT S XA T Tholz. —F, ¥~7%
Vau~wRBIOAZ UL, HEERRBEICKHTDKEES RS VWD, Zhb
PIS D LT FRIRE B L ORIR, HER X R EORBEREIC S A I N,
FAED S WMEMETTRZWIN 21T ) X A 7 ThoT-. ABFZETIERILE AR
BWTZDOED BREEEKOECHELDFRREZHALMNCTLZEEZHBE L
7-.

3 ETOREIZBNT, YA XCEbLLT, KRiuekicaEd 2 7H#
DR S % L O BT R EFE & WV O BN D OBHGRAE LTz, OB LR
LRI RMRD L 9 ORI E ~ DR S 2 WITM O E 226 OERIRIZ L - T
AT 5. DI ORI A 2RI BT 2 B o RERE V)
BLEPORET DI ENHEETHL EEADND. £ TETIEH 1 fillzBW
T, BHEWEICET DEREEITART 2 AT RERMOINE M2 5T
il e & o, MRRE L 72,

BT, MRICHELZBIITTREZERNOT T HERSPE BB X
FTEEZXON, FFICHEMERREICIOIZENREWVWI EBBX bR, L



2L B, BRI B AT DR OB A IR )T DA AR Y
FFRITATHON T I o7-. £ 2 TH 2 filck T, 3O T A FERE A ] &
T DT, EEMESREZAMICER L, BHER, VBRI ON Y ULK
RNV ICRRE L KRG 21T - 7.

AR KIUBAMWA Y ) h A, YT X aveBlOS
X R OEEMIRICBITAERE, Vo, BV UL, Iy ABX
W~ 7 Rx v NEFERAE

1. #8kE J7iE

1) FAAsHh, PR F K OVE YR R

AR 2 LR U 3 MR & Lz, 2004 4E0 7 H27 H, 9 A3 HBLUN10
A12HIZA, BBLUOCOIHRIZENTAZ ) DAY, v~vT X av~
BIOAZ R EZE LT, A3y 7 THITEESK 15em 280, IBEE &b
[CH AL, Y~ T X a U~ B0, ¥ RUICBWT, ks
F, EWESOLXEBLIORICBIKR L. —F, 7 ) D ATICBWTIEEES
FOEREIG NS, ENODOEHNE ST DN TERrolclos, HE
M TSR L2, 2 o2 70°C T 72 R fiE Rz S, i E
ZWE LTk, fold UBERE e R T R L L7z,

2) TR DALZEHT
EWCRITDESR, Ve, BIVTL, DALY LABIU~ 732U AOWE

(355 2 FICHEL TYIT o 7.

3) HERTHALE
WEHRNT A2 8 3 mICHE L TITo 7.



2. R

1) Hb /8T ES b

FI ARG, =T X avsBIOAZ RO 3 EETIZEWT, H
EER/HLTER R 3 MR TTHEEIIA T, HURIC X DR 2 IR S
ARy T (FR 5-1-1).

2) BHEMIRICEBITDER, Vv, DITL, ANV TABIOYIZRXTTU LG
S

FI I NATOEFR, VeBRIOA) VAEHERIIBWT, ROERESH
Refps, SRz L TR THERELITR LN 2T (F 5-1-2).
—J, ANTULABIOR 7R LAEAERTH B, R Z Ok R
TICBVWTEGD L L BICER L. Y~7Fvav~ickBnT, €5
ARIZEHEDEIZEBNT, BV U LAEERITEGBIOXICBNT, ALY
LERRITE, REBIOSEDEIZBNT, v 732V U AEERITEFIZE
THIURE THEICR > Tz, VU ERERICEBW CTHUSH TR EZR 21X
Roniinolc, A7 RVIZBWT, EEBIVQY VEAEROXZRS BWE
B ROMHMERIZERT 2 2R S ARITHAH CHRICE R > TWe, Fiz,
PHDIRIZ BV T TR S FIT A S TRVEA R S,

Table 5-1-1 Shoot/root ratio in C. foliosissima, A. dioicus and

P. cuspidatum

Species Site A Site B Site C
C. foliosissima 1.98 a 1.25 a 1.87 a
A. dioicus 1.36 a 1.25 a 1.48 a
P. cuspidatum 1.11 a 1.67 a 1.29 a

Different letters indicate significant differences at P < 0.05

according to the least significant difference (LSD) test.
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528 KUBAEWMA Y ) AT, Y~T7 % au~vBLUA
Z R DOREBIOEFRRFBIIETESR, VoBIXUOH I UL

R B2 98
SRR DR

B TIEA Y 2 B RS, Y=T7 X av~BLO0A % FUICBWT, 2
MR 31T 5 BREEZEACICIR T 2 O C RER O IR BE 2 A Lz, KSR Tz
o 3 FOMEHIEDENZFE L AT D720, iR, E LTEHR, U
BLOB Y U LZIEE < Zb S EToRBEREE 21TV, BEOINE LR REZ
9 2B ERE AN E L. BEORIEE LT, faxkE#HE, 7an 7
S VIREE, PREERER L O B/ R AN U7, R e L LT
EFRRINEB L, E2RMAEMONE, 7 X /BRI X O Rubisco H£HEHIG &
A L7,

1. BkFE J71E
1) HHs 71k

FT ARG, YT X a B X RY 2200846 H6 H ~8 A
19 H, 20005 H20H ~7H 14 HB L2009 47 H30H ~ 10 H 7 HIZ*%
NENT V=T AR T TRBEEE LTz, F2 ) 1 0 A7 OGEm k% K
O 850m TEREL L, ¥~ 7% = 7~ (Yamashichi Co. Ltd., Nagano, Japan)
B XA # RV (Klein Garten Inc., Tottori, Japan) D SHEMIK Z Z N ZHUEA LT=.
UEHBEAG £ T2, 3 OISR Z 12 EEERIR LT 7 AF v 7 Ry IR
# 3.8L, EE l6ecm)TENZI 17 A, 10 HEEB LN 11 AL Li=1%, EuE
R 18 H, 11 BRI 12 HREHds Lo, IRERREHAIE 3.3mM N
(NH4NO3), 0.3mM P (NaH,PO; - 2H,0), ImM K (K»SOs), 0.75mM Ca (CaCl, - 2H,0),
ImM Mg (MgSO, - 7H,0), 0.036mM Fe (FEEDTA), 0.019mM B (H;BOs), 9.1uM Mn
(MnSO, - SH>0), 1.54M Zn (ZnSOs - 7TH,0), 0.16uM Cu (CuSOy - SH>0) and 0.52uM
Mo ((NH4)sM07024 - 4H,0) & U7z, FRERHIE 1 oD KUE S ] OV EE A/ NRUIR EE I E
#+(Thermo Recorder RTR-53, T & D Co. Ltd, Nagano, Japan) CiHli€ L7-=. 355



[ D R RIR(BYA)IE 2008 2BV Ti 0.6°C / 25.4°C TH Y, 2009 Fi2H
VT 30.4°C /23.9°C ~ 30.2°C / 23.2°C T o 7. FHXHEE (B/4R)1 2008 4123
WL 62.1%/80.2% T ¥, 2009 4FIZIBWTIX 60.6% / 82.2% ~ 64.0% / 86.6% T
HoT.

2) BHR, VyBXIXOAY U L0

JLERE LT, ARG HR S E O F FEER R CHRE LXK E IN X, 1P XK
FJRIKKEL, ZH, VrBIOA Y U LREDONTILNDIH% 1/4 (N (0.8mM),
P (0.08mM)& % U ME K (0.25mM))IZ L 7= 1/4N, 1/4P 35 L OV 1/4K X, 1/2 (N (1.6mM),
P (0.15mM) 3 5 W ME K (0.5mM))Z L7= 12N, 12P B L TN2K X, 2 f% (N (6.6mM),
P (0.6mM)H HWVMEK 2mM)IIZL7=2N, 2P B LK X E L. R, VU
FOH Y T LPSOTEHRIT LR OIEERE R & R CRE & Lz, $5&E T O pH
XSS ICAREE L, RN | IR A S LTz,

3) R

RO ALBRBREAT,, AT I AFTIE 47T HEH, Y~7 % au~Tid 41 H
H, 4% KU TIL48 A BICHMREZ BRI L7z, BEWIL EDRIZHB N T H R
MEBI Th 7. WEE A7 ) o A7 TIREY, ElE2 &%k LU,
Y7 F v aryvBLUA ¥ R TIIES, EMLEXEs LURICHE L.
TR DB 2 WRE e S, W EZAE Lk, i UEF ot i o
BhE L7z, BRECH (B RH(LI-3000, LI-COR, Lincoln, Nebraska, USA)% Fu T
B A IE L, WERAESY OLTWE)H ) ORERR(em?) & L THEH
L7z, xR E3#E % Kingsbury et al. D (1984)2 L 0 FH L 7-.

4) FEIR DAL 53T

a7 4 VIREORIED D, FREEER 500mg AL, FLék & L H
WV 95%(v v L —/b ImL CEERE - B U7e. Bz s L= & ) —
JLCSOmML WZER L7z, IWIRIZE T 5 649nm 1 X OV 665nm DYWL & 43 66



#1(U-1800, HITACHI, Tokyo, Japan) CTH|E L, 7 m B 7 1 /L (ath) & A HE %
Wintermans and Mots {Z 2 2 Z(1965)I2 & W FHHI L7=.

PEFRGARITEI I 7 o A E— WETHIE LT (0 fi#ED : Kjeldahl digestion
system, K-437, NIHON BUCHI K K., Tokyo, Japan, 7& 885 : Kjeldahl distillation unit,
K-355, NJHON BUCHI K.K.). VY, BU DL, IALTTEABIORYT R T A
T55 2 EBOFEICHEL T 72,

WEHICB T 2EFLEM BN FEFRLEMEBERLM-N), AlEES X7
'EREZE SR (SP-N), WEAEAR & N7 BRER FE(MB-N)I L OV RERs &8 & o N
7 EREEFZ(ICW-N)D 4 DB L7-. LM-N [ZIZ7 vE=7, Wi, 73
BLXOT~A RREDESFEODEFRICEWNR EZEND. SP-NITITEEHEZ N
IR IO S V7 N E £ 5. MB-N BLO CW-N (X FEITHEE L 3
JETHD. AT AN Osaki et al.(1991)3F & OF Shinano et al.(1991)IZ#E L TTT -
7o. LM-N Ot D72, B iz 200mg % 4°CIZ THLER & FukE 42 HW T
TR 50mg & & H 1T 80%(v v & J — L 20ml THEERE: L, 4°C T fiiE#%, 4°C
T 20 Frim oy EE(1,5009) L, EEAEZG. U o RER s E R b EY
(PB-NYDOHH D72, Bz E RN 200mg % 4°C TR L Hkz AT, A
BERY 50mg & & HIT 100mM U g U U ARRER(pHT.5)H TEfL, 4CT
—MEkE %, 4°CT 30 205y BE(20,0009) L, EEZZEL L7z, PB-N M4y iX
LM-N & SP-N D& THSH. CW-N Offiti D72, U U ERkgEikhh % oI
% 100°CC 1 B¢ 3%(v v')SDS I CHu L, 4°CT 15 4yl L5y BfE(1,500g) L
1%, EBBEREL, REZEZ. 80%v vHTm & / —/LB LI o FEiEETE
RIS KO0 SDS FREHICE EN D BRI LR AR EHFROIEICHEL TT
72, SP-N DZEHZEEGEIZIPBN /D LM-N DEFEREZZ LI WTHEHB L.

SDS-PAGE EXUKEN D=8, HELy G REaEH) 250mg 4 4°C THLEk & A%
ZHWT, A& S0mg, AU =Lt K 50mg & & 12 100mMTris-HCI
FEMET R (pH7.5)5SmL TEEWE L, 4°C T 20 43 050 BE(12,000g) L7212, EEH%
B7-. AR %E Laemmli O 51£(1970) CHH%E L 7=, SDS-PAGE (2 7=, ¥k
%, L&Y (Oakley et al. 1980)L7-. RIAEMEZ X7 B HRICEEND



Rubisco #£FEE| & &2 H 7 % 729, image J version 1.47(National Institutes of Health,
USA) % AW T A A — VT 21T > 72. Rubisco EFEE| G (%) IFM H S 7z aliEik
2RI EOEY — 7 EmEEICXT D Rubisco K7 2=v B LWhHT7T2=
v hOE—7 EEOHEIG & LTHRLE.

WEH BT RS FALEWRER ZIEHET < / IRIEER, HIRIEE R NOs-N),
7 UE =Y LAHEEFE(NH-N)I L OE O D ZE F(others-N)D 422 8 BT L
Tz, 7 BB IO NH:; pHr D72, BE5 BE R B 100mg (2 Sml D7K
KENMZ, 100°CT 30 sy L, 4°CT 10 435 047 HE(3,000g) L7- 1%, E#E
HEAFTo. BTIR 2000 1T 7 = 8 Y F U M EEIR(pH2.98)200u] ZA0Z, 7
2 B B EHTEHILC-500/V2, JEOL, Tokyo, Japan) CIHllE L7=. WFEET X / fRHE
ERIIMH SN2 I/ REEOERIE LTRIH Lz, MREBERIIL Z L
R{%(Cataldo et al. 1975) CHHliE L 7. Others-N DZEFE & &34 LM-N & &) 5 il
HET </ FRfB%E SR, NH3-N BL U NOs-N ZFEZZLGIWTHEI L. Others-N
I7~A K, ~TFH, F 4 RERMEEVELTT T IV R EOERMLEY
Ele. AFRIZBNTT I/ BotniE, €F, VBN Y U LA OLE
X, 1/4XKBLO2HFXKIZBNTORTS T

AWRICEB N THRME SN WERE T X 7 #1%, phosphoserine (P-Ser),
phosphoethanolamine (PEA), aspartate (Asp), threonine (Thr), serine (Ser), asparagine
(Asn), glutamate (Glu), glutamine (Gln), glycine (Gly), alanine (Ala), valine (Val),
isoleucine (Ile), leucine (Leu), tyrosine (Tyr), phenylalanine (Phe), gamma
aminobutyrate (GABA), histidine (His), lysine (Lys)33 & OF arginine (Arg) T - 7-.
Z®OHC, P-Ser, PEA, Thr, Val, Ile, Leu, Tyr, Phe, His 36 JXOY Lys 2 13 7 2
JBRE LD 072 0K - 72D T, “other”& LTENLEFE O THELT.

5) HratALE

HERHRMT 2 SPSS statistical program version 19.0 (IBM, SPSS Inc., Tokyo, Japan) %
HAWTIiTo7m. &2 TOT—XIZBWT, | A E DS BIIT(ANOVA) 1T - 7=
%, 74 v ¥ —O/NIAEZELSDEP < 0.0 X Vit &21T 7. 7272 Lz



WEOFERIZBWTOR P<0.10 THITA21T-7-.

2. AR
1) pik

FI ) HATIZBNT, 2HMEBLOEREOZYEL, ARICEL 2
S72 14P KOWRZERE, ETOLBREM CTHERELE RIS > 72(X
5-2-1(a)). MR OFR R E X2 TOLBEICB W CALHEEER CHERE
{BZRE 2o T2(FR 5-2-1). Y~7F T au~ilBnT, EFRLHIZBW TR
ARICEEX TELS 2D, 12N K THEIZELS 2o 72(K 5-2-1(b)). UV rBLW
TV 7 LEIZBNTIIEEX TR 2D, KRB IOEAHREEX TR oo

. BB OMWEL, BFRLBICBITLESBIOMRTILIN > 2N = 1/4N >
12N DA, VrBIOH Y 7 ALBIZEIT 2B L O T 1 EFX > 12
X =2 %X >1/4 KONEICE L 2o T2, SRR OR %R EHRE L, ERAET
TN KTHEIZELS, Vb0 h ) v AL CIIAEEILRD bt
HOD, FEHEX TR G SV A H7Z(FR 5-2-1). 4% FUIZBWT, 2
WEDWMEITEHZEB LY VBB TIEEX TRbEL< 2D, KB X
OE LR XTI > 72(X 5-2-1(c)). A VU 7 ALK ICBWTIE 114 KA
BIELS e olz., BB OMYEIT, EBFRUIICB T LHES B IOETIHIN >
IN= 12N> VAN, U AALBUZEIT 58S TIXIP>12P=1/4P>2P, 71U 7 LAL
BOEL TIL IK= 12K >2K > 1/4K, 2 TlE 1K = 1/2K = 2K > 1/4K DNAIZ A ZIZ
EL ol MO REEEX, #BFEHDIVITY CAETIIAE AT
RO LNV DO, FREEX TRbEmWEAAR OGN, B Y T LTI 2K >
1K = 12K > 1/4K DNEIZ A BT @0 o 12(3 5-2-1).

T A ATIZEBNT, Fan T g VRE, HEE/H N KO ER
%, 2N X7 mu 7 ¢ L LT 1/4P X O B/ TR EL 2 BR & 2T OMLBER
EMCTHEREICZ RERN>T2(F 5-2-1). Y~7FTau<llBW\WT, 71
07 VRER X O ERIT A TOLEICB W COUBEBEER A ERE L E R
Sppodz, —J, B/ T E RO TR E M CAHE R A )
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ole. AZ FVIZEWT, Zun 7 ¢ UREITERLH TITLBRE D L5
IZE B0 ER LR, ZOMOOE IR ERICAEE 22 bITA b
Mo Tz, HEER/MHL T S X OVEER I I TOMBIC B W TR ERICA E
A X ARSTRY (A Ry

(a) 12

: Leaf blade [] : Stem [l : Root

(b) 12

Dry weight (g plant!)

1/4N 12N 1IN 2N 1/4P 12P 1P 2P 1/4K 12K 1K 2K

N treatment P treatment K treatment

Figure 5-2-1 Dry weight in (a) C. foliosissima, (b) A. dioicus and (c) P. cuspidatum in
response to various N, P and K concentrations in the culture solution. The bars represent the
standard deviation of the mean of triplicates. Upper-case letters indicate significant
differences in the whole plant and lower-case letters indicate significant differences in each
organ among various treatment concentrations at P < 0.10 according to the least significant
difference (LSD) test. Quarter, half, standard and double strength of each element treatment
concentration are given as 1/4, 1/2, 1 and 2, respectively. N, nitrogen; P, phosphorus; K,

potassium.
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2) ERTRE AR

ERWLPIZIR T 2 BEMEOEREARIL 3 MHE TERR > TV 2hs,
B DWIREIC T 2 EREAEOENITIA YV ) A ATBIOY~ T F v
UV EDbAFZ RUIZBNWTREDSTL(E 5-2-2(a). —H T, SHEMEDY
YBIXONY U LAEERT, WEHREICEHEDLDLT VYT X a yvBIOS X
RUXO AT 7 o ATIZBWNTENo T, AT U NERRITLEREIC
BIooT 47 ) h o ATBIONr~T7Fvav~l b Z RUickBW\WTE<,
TR LEARITAERE IR D 59 3 B CHEEEL L T (3 5-2-2(b)).
T )N ATOEFRLIIZEBNT, ETORBEOEREEE, ROV B
FO~ IR LERRE, EHON VU LBIRIN LT LAEHRPEEZE R
BEOEFIZELRWER L, VBB, UUEARIL 14P X TE
DB TOHBEIEDN -T2, EH, DI TVLABIOIALY T LAEHRETIET
DIFEER THERIIR OGN T2(FE 5-2-2). B U U LHEIZBWNT, 7
U AEGRITEHITEB O TE 2K = 1K > 12K = 1/4K OJEIZE <, ZEB L OHR
IZBWTIIEE D VU ARED EHICE bW ER L. 2 TORBEDOERS
G, EHBIOEXDO ) VEFR, HO~ 720U AEFRIL 1/4 KT
HEEX IV bAEICE ST, EHOHINL Y T LAEHERBIOMED~ 7/ Ry
UAERRI2HER CTHBIEN -T2 Y~ T Xy a U~ OERLHICEB T,
EHIZEB WL VAN K THEIZEN o723, 2T IN KRS, Bt
REMOEITIRONhoTc. ZBIUROY VEAEBLOETOHRE D
HYTL, LT LABLIRY TR T AEARIINHEEERN CHEEREE
IRERDoT. VBN T, UV UEARITUHEBEO ERICE LRV E
AL EHBIUROERBLIOINLV VU LAEAREBLETOREDON Y
UABLIOY IRV U AEERITNBIRER CHBEREIE RIS oz, 7
U0 LRBIZENT, BEHEOH Y U LEHRIT 1VAK K THEITE» -T2, X
BRLOIRTIIAHREM CAERELE RS oTe. EHBIOROEFREE
XOWV T AEGHERBIOEGO NV U LG/ RIINERER CHEREL
ERSTEFBLIOEDOY IR VU AGHRIT VMK KTHEIZE ST, A X



RUDOERMEIZBNT, 2 TORBEOEREAR, EHBIOVXDY VEH
RIXFHERREO ERICE b RWVWER L. EHOH Y 7V AEHEIT IN >
/AN > 12N > 2N DNEIZm > T7o. BHB L OEO DIV U LA EFRIT 2 fFXIZ
BOWTHOMBEBEX LY b ERICEKN -T2, v 7 RX VT AEARITNBERE
BWTEL Loz, UV BEIZBWT, VU EARITESBIOE T 2P >
12P> 1P > 1/4P OEIZHREICHE <, R TIX 2P KIZBWTHEM > 7. EHB I W

Table 5-2-2 (a) Nitrogen (N), phosphorus (P) and potassium (K) concentrations in C. foliosissima,

A. dioicus and P. cuspidatum

N treatment P treatment K treatment
1/4N 12N IN 2N 1/4P 1/2p 1P 2P 1/4K 12K 1K 2K
C. foliosissima
N concentration  Jeaf blade 13.05bc  12.84¢ 14.27b 16.90a 14.30a 14.64a 14.27a 14.72a 17.54a 1598ab  14.27b 14.81b
stem 9.20c  10.88¢c 13.14b 15.63a 11.77a 12.07a 13.14a 13.12a 15.62a 14.02ab  13.14b 14.14ab
root 6.43¢ 7.45bc  10.05b 11.63a 8.28a 831a 10.05a 8.66a 11.41a 10.24ab  10.05b 8.52b
total 11.50¢c  11.65¢ 13.46b 15.98a 12.65a 13.26a 13.46a 13.79a 16.38a 14.96ab  13.46b 13.65b
P concentration  leaf blade 10.50a  11.01a 13.57a 11.36a 6.78b 10.80ab  13.57a 14.29a 19.26a 14.94ab  13.57b 12.95b
stem 9.34a 9.35a 10.92a 1031a 6.77b 9.82a 10.92a 11.00a 12.72a 12.26ab 10.92ab 10.49b
root 5.97b 6.44ab 9.03a 8.94a 3.21b 6.89a 9.03a 7.67a 8.04a 8.99a 9.03a 6.80a
total 947a 10.02a 12.43a 10.89a 6.10b 10.10a 12.43a 12.90a 16.73a 13.69b 12.43b 11.53b
K concentration  leaf blade 45.65bc  45.55¢ 46.92b 50.05a 48.43a 47.99a 46.92a 44.38a 30.37b 34.37b 46.92a 48.71a
stem 39.03a 38.32a 35.73a 37.54a 39.54a 38.94a 35.73a 39.84a 26.42¢ 3332bc  35.73ab  42.49a
root 24.51a  22.6la 24.73a 21.63a 24.53a 32.20a 24.73a 25.80a 8.07¢ 1521bc  24.73ab  28.46a
total 41.08ab  40.34b 41.76ab  44.05a 42.08a 44.83a 41.76a 41.56a 25.97b 30.98b 41.76a 44.28a
A. dioicus
N concentration  leaf blade 9.96b  12.94a 12.69a 14.29a 13.45a 12.84a 12.69a 13.69a 12.61a 13.03a 12.69a 12.40a
stem 8.61bc 10.38ab 6.94c 11.83a 11.65a 9.60ab 6.94¢ 11.09a 11.24a 10.27a 6.94b 8.96ab
root 14242 16.02a 16.02a 16.59a 16.94a 16.58a 16.02a 16.58a 16.80a 15.73a 16.02a 15.45a
total 9.88¢  12.20ab  11.41b 13.44a 13.07a 11.66ab 11.41b 12.76ab 12.29a 11.50a 11.41a 11.13a
P concentration  leaf blade 7.17a 5.64ab 5.29b 4.14b 3.10¢c 4.11bc 5.29b 7.10a 4.44a 4.88a 5.29a 5.41a
stem 6.56a 6.76a 5.26a 5.95a 4.41b 5.56b 5.26b 7.07a 6.74a 5.41ab 5.26ab 4.93b
root 7.04a 7.16a 6.48a 5.55a 4.25b 7.07ab 6.48ab 8.61a 6.22a 4.94a 6.48a 5.57a
total 6.81a 6.34ab 5.41ab 5.06b 3.79¢ 5.19b 5.41b 7.18a 5.72a 5.20a 54la 5.22a
K concentration  leaf blade 16.50a  14.41a 17.87a 17.88a 16.23a 16.82a 17.87a 17.86a 13.06b 18.08a 17.87a 20.13a
stem 20.38a  18.53a 16.46a 19.15a 18.41a 16.19a 16.46a 19.21a 18.43a 16.11a 16.46a 18.05a
root 11.45a  10.01a 9.10a 7.32a 6.6la 9.25a 9.10a 9.56a 6.39a 7.06a 9.10a 11.72a
total 17.54a  16.60a 16.77a 17.48a 16.53a 16.76a 16.77a 17.86a 15.29b 16.26ab  16.77ab  18.93a
P. cuspidatum
N concentration  leaf blade 10.99¢c  14.38b 13.90b 17.50a 16.49a 16.78a 13.90b 17.09a 16.03a 15.73a 13.90b 15.83a
stem 4.52d 6.79¢ 10.35b 14.65a 11.89ab 13.17a 10.35b 11.99ab 13.14a 12.41a 10.35b 8.61b
root 5.12¢ 7.43b 8.82ab  10.22a 7.97a 8.15a 8.82a 5.89a 7.43a 8.00a 8.82a 9.22a
total 7.26d  10.03c 11.27b 14.74a 12.79a 1291a 11.27a 11.52a 12.71a 12.82a 11.27a 12.04a
P concentration  leaf blade 2.28b 2.62ab 2.55ab 2.94a 241c 2.95ab 2.55bc 3.09a 3.36a 2.76b 2.55b 2.80b
stem 4.88¢ 5.76b 5.66b 7.22a 3.74¢ 7.40ab 5.66b 8.07a 8.40a 6.06b 5.66b 6.71b
root 3.82a 4.18a 4.22a 4.86a 3.39b 3.81b 4.22b 591a 5.33a 5.15a 4.22a 431a
total 3.42b 3.91b 3.83b 4.53a 3.02¢ 4.31b 3.83bc 5.24a 5.06a 4.26ab 3.83b 4.14ab
K concentration leaf blade 21.26ab  19.89bc 22.60a 18.28¢ 20.80a 20.24a 22.60a 20.84a 17.11b 18.09b 22.60a 22.37a
stem 27.73a  26.63a 27.78a 22.76a 27.13a 27.82a 27.78a 30.35a 26.20b 23.08b 27.78ab  32.11a
root 10.23a 8.07a 9.86a 8.02a 6.62ab 5.43b 9.86a 5.22b 4.87a 5.52a 9.86a 791a
total 17.77ab  16.60ab 19.05a 16.26b 17.79a 16.73a 19.05a 16.44a 15.46b 15.83b 19.05ab 19.14a

Different letters indicate significant differences at P < 0.05 according to the least significant
difference (LSD) test. Quarter, half, standard and double strengths of each element treatment

concentration are given as 1/4, 1/2, 1 and 2, respectively.



XOBREARITABIIRLS, ROBY ULAEHERILIP K THEN-oTZ. B X
RO BN 7 AEFRBLORTOWRE D~ J R0 MG IR
THERENIZR OGN 20 o7, BV U LRBIZENT, 7Y U LAEHERITE
HEBIUOETIH 2K~ 1K > 12K = 14K DNEIZEN- T, BHREARITES TIE
IKXT, 2CTILIKBLP 2K KTHEIEN 72, EBHBLOXEDOY U EHHE
X 1/4 RCTHBIEL, Iy U AB IR~ 722U AEARIIFRKX CHREICH
Mo T.

3) EHIIBIT B ERILEWRKL
FT T AT DERZBALEIZIBNT, DT NITED -T2 1/4N O LM-N B8 LW
12N @ SP-N # R &, &2 COEFRAMITUEBRER THERZIT R b/ m

Table 5-2-2 (b) Calcium (Ca) and magnesium (Mg) concentrations in C. foliosissima, A. dioicus

and P. cuspidatum

N treatment P treatment K treatment
1/4N 12N IN 2N 1/4P 1/2P 1P 2P 1/4K 12K 1K 2K

C. foliosissima

Ca concentration  leaf blade 4.57b 4.65b 4.99ab 5.55a 4.60a 5.55a 4.99a 4.55a 5.54a 4.72ab 4.99a 3.68b
stem 4.46a 4.60a 6.79a 6.46a 5.98a 5.86a 6.79a 4.90a 5.48ab 4.65b 6.79a 4.65b
root 2.58ab 1.98bc  2.73a 1.72¢ 2.16a 2.19a 2.73a 2.12a 2.44a 2.23a 2.73a 2.37a
total 4.27ab 4.16b 4.98a 5.18a 4.42a 4.95a 4.98a 4.24a 5.10a 4.25ab 4.98a 3.61b

Mg concentration  leaf blade ~ 2.22a 2.27a 1.98a 2.24a 2.33a 2.18a 1.98a 2.11a 2.98a 2.61ab 1.98¢ 2.13bc
stem 3.81a 3.63a 3.93a 3.96a 4.03a 431a 3.93a 3.52a 4.32a 3.98a 3.93a 391a
root 4.05b 4.15b 4.46ab 557a 4.50a 4.69a 4.46a 3.94a 7.99a 7.71a 4.46b 3.45¢
total 2.78a 2.83a 2.68a 2.93a 3.09a 2.83b 2.68bc  2.56¢ 4.00a 3.68a 2.68b 2.63b

A. dioicus

Ca concentration  leaf blade 6.35a 4.68a 4.87a 4.46a 5.06a 5.26a 4.87a 6.42a 6.78a 3.77a 4.87a 3.93a
stem 4.22a 3.80a 3.81a 3.64a 3.50ab 2.99b 3.81a 3.50ab 3.56ab 2.62b 3.8lab  4.44a
root 2.44a 2.82a 2.43a 2.79a 4.08a 3.22a 2.43a 3.47a 4.41a 3.27ab 2.43b 2.87ab
total 5.03a 4.05a 43la 3.93a 4.19a 3.94a 43la 4.93a 4.87a 3.18b 43lab  4.08ab

Mg concentration  leaf blade 5.03a 345a 4.02a 4.0la 4.47a 4.52a 4.02a 4.57a 5.33a 4.01ab 4.02b 3.67b
stem 2.57a 2.14a 1.82a 1.98a 2.19a 1.98a 1.82a 2.35a 2.46a 2.05a 1.82a 2.80a
root 1.36a 1.40a 1.24a 1.36a 1.61a 1.44a 1.24a 1.52a 1.87a 1.50ab 1.24b 1.17b
total 3.61a 2.88a 3.11a 2.94a 3.18a 3.04a 3.11a 3.39a 3.6la 2.80a 3.11a 3.16a

P. cuspidatum

Ca concentration  leafblade  11.42a 10.76a 8.77ab 7.48b 8.51b 10.20a 8.77b 9.12ab 10.84a 8.07b 8.77b 7.76b
stem 8.87a 8.54a 7.37a 4.75b 5.11a 7.73a 7.37a 6.67a 6.99a 5.42b 7.37a 6.78ab
root 3.42a 4.48a 3.35a 3.56a 4.00a 4.07a 3.35a 5.69a 5.92a 431a 3.35a 3.16a
total 7.49a 7.83a 6.61a 5.89a 6.34a 7.38a 6.61a 7.21a 8.30a 6.47b 6.61b 5.92b

Mg concentration  leaf blade 3.45a 3.19a 2.49a 3.12a 2.68a 2.98a 2.49a 2.66a 4.46a 3.35ab 2.49b 2.57b
stem 1.78a 1.90a 2.22a 2.28a 1.53a 1.72a 2.22a 1.57a 3.64a 2.48ab 2.22b 1.84b
root 4.13a 4.37a 4.01a 4.08a 6.03a 6.46a 4.01a 8.81a 8.15a 6.43a 4.01a 4.82a
total 341a 3.38a 3.13a 3.34a 3.46a 3.93a 3.13a 4.92a 5.37a 4.05ab 3.13b 3.35b

Different letters indicate significant differences at P < 0.05 according to the least significant
difference (LSD) test. Quarter, half, standard and double strengths of each element treatment

concentration are given as 1/4, 1/2, 1 and 2, respectively.



S>72(K 5-2-2(a)). VU VALERIZB W TIEE TOLBEEER CERLAMICHE
TACIZR SR o7, I 7 DRI T, 1/4K X T SP-N OEISITA EIC
K< LM-N O &I LE 1> 72, SP-N & LM-N O &7 Tdh 5 PB-N OEIA 1L, %
FR LIV VBRERICABERZEN RGNS, B U LM TITHhT )T
DL ODOENRENT-. P~T X arv~BIOA ¥ NUIZBWT,
7 ) I A& g LT SP-N OFIG 132272 VK<, CW-N 3 XU MB-N OHIH
10720 @ o Ta(X 5-2-2). Y~7 % a Uy=IllBWT, RN TILSP-N B
L CW-N OFEMFEX THEIZES 2D, MB-N OHIERAEICELS 2o
7=(12 5-2-2(b)). U LAECIL 14P BEOVIP KT, B U ¥ AME T IK KT
SP-N OEIEMMEL 720, LM-N OFIG 0 & 72 o 7. PB-N OFIGILEFILHE T
XN XT, UV HETIE14P BLOIP K CTHEIZEL leodz. B U w7 AL
TR ER CHERE(RITA N ol A4 Z RUIZEBWT, SP-N, LM-N
LV CW-N OFIE T2 TOLHE TEREEXIZE W THOLHX LD & AEICE
<720, MB-N OEIEIFARIZILL 22 272 (K 5-2-2(c)). PB-N OE|G X2 TOM
HIZBWTOHRER TARICE R > TEBY, EEXTEIRoT.

4) FEHIZRBIT DL E R aEFEEE

Rubisco K¥7 2= FDO/AN FE3FETIZBW O AIEEE S X7 E D
N REDBEHEE S, Rubisco K7 2=y hBLOWhF 7T 2=y Mg
FEEIGOEFHE 3 & L E MR DIREIC X B L ITIT < Do 7o (F 5-2-3).
LWL, A7 AT OHY UL, Y~T7 % av~oa 3 0
BEIOAZ RU DY ALBRIZEIT D Rubisco K7 == MEFEEE, 4 # KV
DFH VT LEIZET D Rubisco K7 2=y MBI O/NF7 2= MEFEE

BB NREIC L > T L.

5) BEHITHE T IR LA R E R
F7 ) ATITRBNT, WERET X REEEZDOESITE TOMBLREIC
WTHI 60 ~ 80% & Ei o 7=(1X] 5-2-3(a)). ¥~T7F v a u~iZBWT, HEEET 2
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Figure 5-2-2 Composition of fractionated nitrogen compounds in the leaf blades of (a) C.
foliosissima, (b) A. dioicus and (c) P. cuspidatum. The bars represent the standard deviation
of the mean of triplicates. Lower-case letters indicate significant differences in each N
compound and upper-case letters indicate significant differences in phosphate buffer-soluble
N compounds (PB-N) at P < 0.05 according to the least significant difference (LSD) test.
Quarter, half, standard and double strength of each element treatment concentration are given
as 1/4, 1/2, 1 and 2, respectively. N, nitrogen; P, phosphorus; K, potassium. CW-N, cell
wall-bound protein N compounds; MB-N, membrane-bound protein N compounds; SP-N,
soluble protein N compounds; LM-N, low molecular weight N compounds; PB-N, the sum
of SP-N and LM-N.



Table 5-2-3 Rubisco accumulation ratio (%) in the leaf blades in C. foliosissima, A. dioicus

and P. cuspidatum

N treatment P treatment K treatment
1/4N 12N IN 2N 1/4P 1/2P 1P 2P 1/4K 12K 1K 2K
C. foliosissima
Rubisco large subunit 12.11 10.01 11.04 11.10 10.44 9.63 11.04 11.08 11.16  12.19 11.04 15.11
small subunit 1.93 2.64 2.69 3.10 2.86 3.15 2.69 2.25 2.69 2.79 2.69 1.81
A. dioicus
Rubisco large subunit 8.51 3.63 4.52 5.14 4.48 9.93 4.52 6.98 6.00 8.84 452 8.01
small subunit 1.51 2.36 2.46 2.75 2.52 4.82 2.46 3.07 3.03 3.66 246  3.68
P, cuspidatum
Rubisco large subunit 1227 13.69 11.01  12.96 16.86 13.66 11.01 15.36 1545 1698 11.01 18.34
small subunit 5.90 5.50 6.99 4.72 4.64 4.74 6.99 4.88 4.16 2.56 6.99 213

Quarter, half, standard and double strengths of each element treatment concentration are

given as 1/4, 1/2, 1 and 2, respectively. N, nitrogen; P,phosphorus; K, potassium.

JBREEHRB LW NOs-N OFIEGNA T 2 1 A7 L0 K<, NH-N BLO
others-N DEIGNE D> 7=(1X 5-2-3(b)). A ¥ RKVIZBWT, Wt I/ BRESE
FOEIGIETA T ) h AT L L TETOABBEIZEB N TR K<,
NO;-N, NH;3-N 5 £ U others-N D EIE+ 13 80 ~ 90% T & > 7-(X 5-2-3(c)).

FT ) H AT OEFMEIZBNT, EHBESEED B L LIS
JBBREEZDEISITAEIC EH L, NO3-N B X O others-N OEIGITAEIZIET
L72(H 5-2-3(a)). U BIZIBWT, IFET X/ BBREEROEIAIIE Y ViR
O EREEBIETTA2HEAICH D, NOs-N OFIEIE 2P KTHEICHEL,
NH;-N 3 KO8 others-N OEF[SIFAFEX TEdnore. U 7 LABHIZBWT, If
BET X BARERHE R LUV NO-N OFIGIIAEAEXIZ B W THEOLBREX L 1 ¢
<, NH3-N B L others-N OFEIGILFEN-7c. ¥~vTFTa U~ DELLE
2B WTC, X TR X BEEZROEGITARICE L, NH-N OFIEX
i<, others-N OFEIAIEL /AN K CHEIZE NP> T2(K 5-2-3(b)). Vo BLUAY
T DALERIZ 350N T NH3-N OFIG ITHEHEX T others-N OFIG X 2 fFX THE
<, BV ULV CHEREY X / BREBEROEIGIT 14K X TH EITE) -
7. 42 FUOETOLEIZBWT, FEHEXE L T 1/4 KB XU 25X Tilf
BET X/ BRHEZE SR, NOs-N 3 L OV NH;-N OFEIG 213 & <, others-N DOFE|G AMED



5 72(5-2-3(c)).
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Figure 5-2-3 Composition of low molecular weight nitrogen compounds in the leaf blades of
(a) C. foliosissima, (b) A. dioicus and (c) P. cuspidatum. The horizontal bars in each
treatment from left to right show 1/4, 1X and 2X strength concentrations, respectively. The
bars represent the standard deviation of the mean of triplicates. Letters indicate significant
differences in each N compound at P < 0.05 according to the least significant difference
(LSD) test. Others-N includes amide, peptide, quaternary N compounds and prolamin N
compounds. N, nitrogen; P, phosphorus; K, potassium. NO;-N, nitrate N compounds;

NHj;-N, ammonium N compounds.



6) EHIZHBIT DT I BRI

PERET X VBIREII YT X a v BLOA X RV KO AF T S R
FIZBWTELL @hoT=(K 5-2-4). A2 ) B2 AFITEBWT, Asn BNEET
IVBTHY, &7 I BREITSAEZEL T 2N BLO /4K K TR T
(%] 5-2-4(a)). EFRLFLTIBWT, Asn JREEITARAEX & Hf LT 14N X T2 -
Tz. LU 5, Glu B LT GABA ZER< &2TDO 7 I/ BEIREEIL 2N X T LA
L7z, U ABRICEB W TR ERICA B ET A o) o7, B 7 AL
BIZEBWT, Asp, Glu BELWNGABA ZR< &TOT I /BBIREIXZER L, Asn
BEIL 14K KTRES ERH L., Pv7 v av~BLO0 Z RUIZBWT,
FI AR EHE LT, 2 TOABERE T Glu B LN GIn IBENHE <, Asn
DR VAR S T2D, 2 TIIA Z R XD v ~7 % a3 =iz T
T2 B, R Asn BBEITE o T2(K 5-2-4). BT OBEBRED EHE LT
IZ Ala ZFR< 2TOT XV BEENATTEE H 12 B L72(X 5-2-4(b)F L TU(c)).
VoBIOH Y ULRBIZEBWT, 2ERET X/ BBIRE IR EM T2 L
mpole. Y7 F v av~o ) EHIZIEWT, FEEX S R LT 1/4P B &
2P X TGIn BELNGABA REN EFH L, Arg BL U Ser IRENMETF L=, &
U 7 DALFRIZ W CTUIAZHEX & FEik L C Asn, Glu 38 £ O GABA J2FES E&- L,
Arg BBEMETF L. 4% FUIZBWT, U U ALELTIE Asp, Glu, Gln, Ala,
GABA B X OV Arg IBFENS, B U w7 AL ClE Asp, Ser, Glu, Gln 3 LT Arg &
FEDFEVEX & el LT 1/4 KB L2 fFXIZHBWT EH L7

H3HT B8

FIITRHRT, X TFavvBLOA X N OBREMTORHEIZLN
T, HiBER/H LA Ko TEILE (R 5-1-1), FREDEWIC X 5 JERE
BIZEAGITNSNWZ EMBZ NI, F7 ) AT TITES B L OEEIRIC
BIToEFHE, VoBXUON Y ULAEHEERN 3 AR THEEENRLS, ILvy
LBLO= 720y AEARITHAM THRICE 2> TV 2GR 5-1-2). —7,
Y~TXvaUv~vBIUOA X RUTHE, Y~7Fvavu~nl v EARERE
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Figure 5-2-4 Free amino acid concentrations in the leaf blades of (a) C. foliosissima, (b) A.
dioicus and (c) P. cuspidatum. The horizontal bars in each treatment from left to right show
1/4, 1X and 2X strength concentrations, respectively. Lower-case letters indicate significant
differences among treatment concentrations and upper-case letters indicate significant
differences among species at P < 0.05 according to the least significant difference (LSD) test.
“Others” include phosphoserine, phosphoethanol amine, threonine, valine, isoleucine,
leucine, tyrosine, phenylalanine, histidine and lysine. N, nitrogen; P, phosphorus; K,

potassium.
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WE 3 L O R IR DI 3 I TR E K B> TV a(X 5-2-1 BI D
#5210 A7 ) IHATIFAZ R LV BEFOGYEPIKREL, A ¥ RV
BWTHROEHEDN RE olc. 7 ) D ATTRESR, VorBXIXOAI D
LAETORBIZ W TR E IS KO LRI AR T CTH B R 2T R
Hieinotz, LnLERnbY~7Fvav~eBl0M ¥ RUICBW\WT, v~
TXTau~wD 12N RERE, POLBIZBWTHEBED ERICE Hn

ICHEY L XOWMENPEINL, MHEXTRARLERY, SLIRENELS LD
WA LTz, M EEREICBWTOAEREENRONTEDIZA Z RV DAY Y
LDABIZBNWTOHRTH 720, ETOMHEIZB W Tl S bW EOE &
FRERDOMRN LGN, ZENOEDZ ENbA T ) T A7 TR AR IR EZ

R L AR ER B I NI L, PvT7Fva B0 ¥ RY Ttk
FMBINOBENEIISE L TN EZEEL TNDL I ENEX L.

Z DRI E ST DA FEDE N EH ST A0, EPIEY
DREREFE I va 7 )b, BREOJSEMEE U CH /L FE R X O ZERE
A L. ZORE, sava 7 g, i EE/MN RS X OHEREICE N T
X3 fl & DAHERERM COEBDN/ NS o 75 5-2-1). —ROVEM TIIREHE
FRELFICE bW mn 7 VERRIIE LD, 45 FUIZRBWTHH
ERBEOLFIZE W ua T 0 VBEIZER LR, KbEWVERLHE
THREREIIKTT2HEAN DT —F, &7 ) W A7 TIEIN K TORE
BIZ&EL<RY, Y~7F v a v~ TIIBEHERRELLIC L 22 ITA N
Molz. Thob, 3METIZBWT, Z7aa 7 0 vL ) bM< mArE%s
KT HERPZH DL EEZEZLND. W OPDOREIZEBNWT, EFBLVY UK
ZRMTTCH EERIC R T AR OEIE 2 E E D (Abel et al. 2002; Hermans et al.
2006), B U T ARZ FTROFIGH/ NS 725 VWit TW % (Hermans et al.
2006). S HIZERBIOY YOI ) RREBERIMCEIY HEENSE L5
A1 % (Shaver et al. 2001; Burns 2004). AMFFEIZIBNT, F7 /) B AT OIRY >
FMTBIOY~T7F L 9 U~ OFEMESRMET THEICHL LE/M T EEAME T L
Tehy, EOMOMBREMICAERZTIAONR L oT. TNHDZ &b, 31



TR A WEF IR FE 2 RICR L, HE VD IRRBRIGEZ RIS RN ERZEX bk,
W HE A FEVE 2 B PRI DT D H BT 5. KL OSHMIKIZIB T 5 Y
HUEGARIL I S LICEEED ERICE R0 ER LE(ER 5-2-2). 47
SR AT DY AP INT, BRI D YR on R U O T E G
BRECIT/NEDST2D8, BV 7 DALERICKE LTI 2 AEE & 13572 2 R
W s Le., BEHUE D U O MREEIZEBW T U U AL O B TR S A
BRmmL<RY, 4 nFELHER, VBIOH VU LATXTOUHDOT TR b H
WMEZRLZ. —F, Y7 X auvBlO0M ¥ RUIZBWT, Y~7 %
SUNOEFRWLBOY VEAR, VUVMBEOBRRGAE, Y U LMDV
VULGHEE, AZRVOHV LD CEREE, AT ABINYT
2V LEARIFEEHBECHS RoTWe., NI 0D, X7/ h
VAT TIIEEHUR S U U AR LR RAICER TRER S ED, Y~ 7
FLav~vBIOAF Y TIEEHR AT UNESHI TR 2 68
HIEWMEBZONT., Flo, 7 D UAFITEBNT, Y U LREES T
SEBRNHRXOIN YT LEAEBI N VIBERXO~Y 7RV T AEHFETYH
MEREM CTHERICR > TW\ e, ZROLAINVT T ABI N~ RV U AER
RBOEIE, BEMIZBITAZE Y ) D ATOZENGER/FEOEAE KL T
WD D L.
WA FERAR I B W CEE R IE L O ERNHMA B RO F B L Lo &k
INCZIT TV OW T T 5. AR TIIERRBM O T2 BT 2 =
ENTELBEHEERILAEWMOIEE 3 R TliR LTz, 427 /) W A7 DHES
B OIEFRILE BB NT, P77 X auv~BLOAXZ NI XD
SP-N 5 XU'LM-N & SP-N O&ETH 5 PB-N OEIENKE 2o 72(X5-3-2).
LU0 6, R TOMIZBW TR EM S /X7 BITX3 % Rubisco £FEHIA
THEMBDRE DR ELZZITIZL, PvT7HRa U~ Tho 2 FiL D 00
K<, 4% RUVIZBWTE Do 72(3 5-2-3). SP-N [IREREMEEE Z o X7 8, BT
k2 N EREEE IR, LM-N 134 XV EORE TH LT X ) B E R O]
MM DIE Tl D NH; R°NO; 72 EDOTEREEHR & BT 5 D T, PB-N bz



PFEMSREICRELS EBEZB LTI T B2 ND. 427 7 A7 TIE 3 Byt
[H] 36 & OV AL R FE 2 B8\ C PB-N OFIAIXIEIE—E Th o 7. R R
FEIZHB VT, SP-N B X WNLM-N OFIGIEIH £ 0 B2 Z T o 7. —FH, LM-N
DENEIT VAN K TOT IR o T, Flo, F7 2 0 AFITB W TRRERIZ
GHRNEDST2T AT X UL IN KD 55.0%0 5 14N XD 43.0%I2 K T L7-.
T ANT X ANIBEFRORTEIEED—>ThH D B 2 HilbH(Lea et al. 2007)D T,

BHERRBEENMENGS, TARTIXUERMAL, wEEtEs o HEORG %
MEFF L, HERAELL(LSEERNREMEELMERFL T EEZ 2 6ND.

FI AT ORBBRLBEIZBNT, ZEOEZZBINT AT X, 7
NEIY, TV BIOT 7=200 X ) R%EHE  REEPEVWEZRZEEIC
EteT 2 JMAEEREL CTOZA(K 5-2-4 B L O 5-2-2), BRI L7220
72(K 5-2-1). NO;-N HaFE|I72 =R ONTEIERE L L TEHE TH 5 H3(Jackson and
Volk 1981), ZDOEEIXZ OMEIZB W THEZRZILITA LN/ - 7= (X 5-2-3).
KB REICHEIGT 2/ Ch 2RI, RFIOEFR L A HEEFE~1T 7k
TPEELAY L L ChPET % (Bubieretal. 2011). TNHDZ EMmbA T /v
AFITHRNT, FHZERRBEN R 2o THilR =8 2 A s i3f e,
NOs-N &L L TR BT ANTGR DRI RERNEERT I /L LT L
TWeZ EnEZ L.

FNODZ EINSA T )T AT IRE SRR E I L, PBN OFI& % &
SHEFFL 72235, LM-N B L ONSP-N ~ZE L CERILAWE DT 5 2 & T
WA FERERE B AERF L QN2 2 E N E X D, BRI R IO LTI,
BET X V8, BRCT ANRT XU EZEICERT D 2 LI BRITEELZ R,
W 2R L T D & F X bz,

e U o BREICRE LT, A7 b v A TAEREX L bl L C PB-N OE|
BB EERNEOD, SP-N OFIEMNMEFL, LM-N OFIER EF Li=(K
5-2-2(a)). EHIT, LM-NOHFTHIEHET X VBOFIENRKREL, 1FEALEDH
T BEE, FICTANTIIFURENELLS EA LM 5-23@B LT
5-2-4a)). # U U LRZ T CTERPINMEES N, ZLEOERT I /e ERHL

o



EZEICXVEFOERBIWY VEARPELS Y, T NTOLBE O Th
HLEWMEEZ /R L7 Z E 2T 50 Lt (X 5-2-4(a) 8 KO 5-2-2). 1Y
U LRZ T THEMIE YD BRI, AREERIEY, 7 /BB L0
MU UEAREZED, HEE, AEREB IO L E VBEE A KT S % (Basso
and Smith 1974; Koch and Mengel 1977; Houman et al. 1991; Armengaud et al. 2009).
AV LRZEDIH LT Py fiigdT o EkEREED, TIET ML
UMBY T BT pH ZHERF L TV B TH D & E 2 B D (Murty et al.
1971; Tachimoto et al. 1992). F7z, REEFEICEHOLIWEE L LTH Y v AT
TIE72 <, BESHJones etal. 1987; Wang et al. 1995), 7’2 U B LT AT ¥
D X 5727 I/ EHE(Voetberg and Sharp 1991; Morgan 1992) 3 i ST\ 5. &
HIZ, Y TLRZIZR U THEIEHETZ T TR T BEfEnsHiRELES
i 8 % (Itoh et al. 1997; Marschner 2012). ZAL 50D Z & 225 Z OFEIZ IS THEHIAL
AV AREIZKH LT I VBEaEET L2 LICLO DI UV LOEEREHTH
% pH OLEND D WVINTIRBIEMERI 2> T\t BEZX b D, —J, sl
U LRI L TIRERILEM O, WHEY X/ BRREZS U LM-N (12
EENDIWERET X VBEBEOEIRIXITEAEEL LR =(® 5-2-2(a),
5-2-3()B LN 5-2-4(a). T, BERBIOV UEARITERERX L g L TR
BT oot MMIXE-PICZEO D ) U LARBRGFETDLEN Y U L%
RN T 72 b HEREIT 2WE R H 5. 205, WELD U 7 LR
IZED ANV T LBIRY 72T LOWINAIZ i, Z ™7 BERBME
T3 5@ 2002). — 5T, VU LOLEMGIZE D~ 73227 LIHI)1X55
WEWIHRES B D (HEE 1982; D 2011). ABFETIIZER DI DAL D
OTLFROWIINHIRIT R ooz, TENOLDZ b AT ) VRS
ITREHR T U O AREICK L THREEMICER B IO VERBESD, 7T /%
TR, FHIT ANT X UAERET 5 2 LI X A eSS S [ TE (2 iRe
LHBRBEHFREZLTW D EEZI LN, £, BEHOD Y U ARBENED->
TG E THORBUNNLZE L, ERMNMHBMR SN TV LRBEX NI
T I AARTOY BB NT, VrEARIXRY SABEX TR L



HOD, TRTOUHBEETCY~T7 X av~BIlOAZ R L0 E
3o T (3 5-2-2). HEH D LM-N [Z51) 5 NO3-N OEIA (LB R T2 LAY R
bR b OO, WHE, BRERBLON ) UV AEHE, EHIIBITL2ERLLEY
FELAY, Rubisco BEHIG IR LT I/ MR Y B OB Z 21T 722> T2 (X
5-2-1(a), 5-2-2(a), 5-2-3(a), 5-2-4(a)¥s L UF 5-2-2). LIS @Y EREREIC
Mz, BELIELEZRBIOA Y U LEEMEBIOEY Y RETTOZOHD
ZE LTEER DB LOMEZAREICL TWD D0 E L.

—J, Y7 X avu~vBIOA X RUIZEBWT, EECRERL IOEY
DEFALEWMEARIT I KIT TR R S IRE DB, (¥ U2 T Rubisco
EREEEITEUL TW2bo0, 37 ) h AT ERELL BTz, Zh
52 FIZBWT, FOMBEICBWTHEHMBEZ LS B Y cR 7T Tk
<, ENUSDOILHEEGH R G EEHIREZITS T 2863 A7 ) o A7 K
DHRENDoT(F 5-2-2). FFICESB LOXOBBE TREEN RS S EEL X
O, VoBXOH IV TLAEERIIAT ) ALY HIRL, AU ABX
O~ T RV NEHRE A7 ) 1 27 LB LT, mIRIE & v 87 B
(2 4% Rubisco & &I @ <, FHIA Z NV IZIHW T Rubisco LRI G I1EA 7
JHATED b @M Tn, BEHIZE T D SP-N OFGIEETOMRKE L O
PRSEAET TR VIR o 72(X 5-2-2). 26D &b, Y~7Favw
BLOAZ FUICEWNT, EETRERD LOER LAY O TE K K
VERBREICLVEEEZ, TORDEMAEED T DEFZRH P KE L
HilEnizt B2 bhiz.

AR BNTY T X a Uv~vBLOA ¥ R OEHIZEBIT 5 AR &
& R E R L OIRREERERL & » X7 B OFIE DN E Do T2(IX] 5-2-2(b)F5 & V().
ZD—STHEHEZ NIV EORIGRE LI Doz, hyEra bAx
DEVEEIZBIT DEDORENITKT 5 At 2 X B~DOERITENEN33 B
F OV 50% T d D (Makino et al. 2003). % D2 < 3 Rubisco (2508 S A% X
Z T 5 (Evans 1989; Makino 2003). 72, ¥~7 % 3 U~IZHBW\ CIIL#IC
& o THIRBESH & % o "7 BOEIEPME T L, MRBERERL ¥ X7 B OHIG )



EHLTWE, —F, 4% N CTIXdIcMiaiEss & 2 o X780 BEA- L, filla
BERERL 2 L XV OBIEMET LTV e, A & B UVIRBRES(bICH LER L
AR, T2 5 Rubisco ~orBlt 3 Ml BERE B 25 32 12 /0Bl 3 2 ATBEME 2 8 L
72(Onoda et al. 2004). F£7z, FHHEIIHEER LD LX< OERELNHAHAEE LV
i EE A~/ HC 9 % (Takashima et al. 2004). HiEE|C L D R A2 HECT S Z &1
HED IR % B3 5 (Reich et al. 1991; Wright and Cannon 2001; Onoda et al. 2008).
ENHDZENG, YT X a B0 ¥ FUITHE XD &K% mE 72z
bDIZT D78, HEAFEDT O DY &2 B LEFR 258 L Tz ATtk
EZ LT,

WY EREWOMKBLOT I VBIREIL, Y~7%av~vlbaA¥
RUIZEWTE2TONBX CIERERX & g L TRE < B> TuZ(X 5-2-2(b)
BEIR). ¥~7FTauv~iBWT, TANRTX L, Ja I8 L0 GABA
DEIRBERNEERT I BIREN BN E P T. BENEFRET I/
BRIREEIIA 2 ) I AT K0 bR VIR -T2y, ERERICBWNTA Y /0
VAT LT AWM AEAG L TN Eonb LR, A X RUIZBWT, ¥y
IZBITHET I VBERRIIA YV ) H AT LD 00K, FFRICT AT
XU EARMENST2(K 5-2-20)B L UC).EBITAY ) v AF L TR AR,
TIJBOFTHLINAIVBIONI VY I VBBBEOEAENE -, K
7 2 JEEIXGS-GOGAT A 7 /WX D T B I VB IO V& X s e
EENPOHEIN, ZO®REDOMT I BA~EH I DD (Lam et al. 1996), A
I I AAFTIET ARG X 2L LT 2V B~OEHRN T ITfThbh T
WieEEZBNRD., —HAX RUIZBWT, GS-GOGAT A 7 M kb7 &
=T RUELAED T 2 JBRERN AT ) o AF LD bIThbR TR WZ %
Zbhiz. Fio, BENEBERT I VBEAE LMD KL, o 2 o X )
CEREERZDL LN TET, BHERSREZIITT 2 ERATEEENEN
EMEZ BT
U EDZ s, F7 7T ZTIIME NG #I2% 5ri BE AT 6 LRz E )
WELZZTT, BEMICEMAEEZITo T2, —F, Y~7F%vav~<BX



O A & R U ORI R UK SR RE s L Ot E iR ig el Lz, 42
NATIZBNT, Y7 Favuv~BLOAZ RNY L0 ba[iEthEs 78
RBER LR TEZROBEG D@D o T, /B RE % BEICHIE T 2 YA Bl
FToH 7D Rubisco ZFHLAIRMESY VXV EREREZRB I OVRS FERZOEIENE
FBLOY VRHIZBW T B N IRE O E LTI holc. BBV D
LEMT T, ANEMSY VX BRREFROFIEMET L, KO TEROEEGHN
HEMIZELS oo, TRHDZ En, £ 7 v AT TR ER%
BICRKRESEEL 52 DS /X7 EORIEETH D 0EHET </ W2 I H
HDHVILREICERET D 2 LI L0 BN A ERE AR L T e 8 B
AN, Y~7 X av~BLOA ¥ N TIIAEES X BRRERB X
WMEAy TR OFIE I/ S <, FERILEGWE 5 OFE JO0% T X/
FRUREE S EEHIR BRI L RES B LTz, A% FUIZBWTIEZ V4
SVBIOINEZ I PO HETLEMET I BERPRNIEIRET, BT
JBELDRPoT.. ENHDOT EbENRDL 2 FTIEHEMERE B L ONEE
SRR W THMAFERME T 5 2 &R B 2 bz,

B4 B

FI )RR, T X a v B0 X RUIEESRED R 5 KL
EWICALEL, BARZREERKEZAEL TS, ZNOOEWERET H720,
FPIT A AEREI T 5 SR OB T RERARA L. S 5T ot
MR RMTICHIT D 3 MO RS Z T2 2 L2 L L, EHZR
BICESZH T, BHER, VoBXUON Y UAREZEIL 2L 72K
HIEZATV, LT ORERZE. BHEHEIZISWNT, 1) &7 ) A5 TIEE
WU RERMBBREICKGEE T, IV T ABIO~Y I XU AERRERE
BEICHRBIN D BEMER @ o7, —F, Yv7Fav~vBLU0A % NI Tl
A AL 70 MR ST RN 3 55 03 o 7. KBRS BRIC B 1 DR RIXLL T i@ Y T
boie. 2) BEWES LOFMBREEEX, 47 ) RS T, KSR
REICHEBIND Z LR, Y~7Fvav~vBLlOA % RN T, K



BB IOEBENIRETEAD L. 3) Zun 7 )b, # B/ Pkl L0
BEREIT 3 FE L BOBRER TOZELDN /NS hoTz. 4) Y, XBIUIROER
BEEIL, AV AR THO 2 LD OGS, HBHEREIE-S T
BAGIZ/NE Do T2, P~T7 X a uv~BIlOA Z R TIEREhoT2. Kon
BEOVyBLONY v AEERIT, £ OEMIEEDOZEIZIENELT 53,
TNUDEITFZ ) AT THO 2FEEID b REDNST2. 5) BEHITHBIT 5 KR
PEX VR BRREFROEEGX, 47 ) W AFTIHERB IO VAT N
TIIH B IRE OB AZZTIT L, B Y U L5ME T Ttk Xy
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Summary

To ensure appropriate growth of natural vegetation, it is necessary to understand the
adaptive strategies of native species to differences in the habitat. Dry matter production
for plant is strongly controlled by the correlation between carbon (C) and nitrogen (N).
Also, mineral nutrient, especially N absorption and the correlation among each mineral
element absorbed considerably affect on dry matter production. It could be considered
that native plant absorb mineral elements and produce the dry matter under natural
conditions, while affected by various environmental factors. Therefore, native plant
must have strategies to adapt to changes in the environment and it could be considered
that they would be different depending on division, class, family and species.
Additionally, N metabolisms such as accumulation and distribution of N compounds are
involved in the growth and mechanisms of dry matter production. While it is necessary
to collect the basic information about plant growth and mineral uptake in the habitat,
few plant-nutritional studies have been devoted to the growth strategies in native plant
species. Thus, we performed aiming at revealing the growth strategies, the mechanisms
of dry matter production in native species growing in Mt. Daisen. The results obtained
were as follows.

1. At the habitat, the air and soil temperature (°C) were higher in the order of site A >
site B > site C. Although mean daily air temperature was similar in 2006 and 2007 until
the late growth period, then, it decreased gradually in 2006 and decreased rapidly in
2007. The soil pH (H>O) was significantly lower in the order of site A < site B < site C
and electric conductivity, total C, total N and exchangeable cation concentration were
higher at site A than those at sites B and C. Also, even within the same site, especially
at sites A and C, there was a significant difference in soil chemical properties among

positions.
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2. In the relationships between mineral accumulations and dry matter accumulations
in leaves of 14 species, the relationships between dry weight and the amount of N
accumulation were less affected by altitude and were stable in monocotyledon, Carex
foliosissima and Disporum smilacinum. These relationships, however, were fluctuated
sensitively by the altitude in the other species. In monocotyledon, C. foliosissima and D.
smilacinum, the relationships between N and phosphorus (P) or potassium (K)
concentrations were less changed by sites. While, the relationship between N and K
concentrations in Maianthemum dilatatum and the relationships among three elements
in the other species were sensitively affected by altitude.

3. We could classify adaptive strategies for native herbaceous species into 5 types
according to the relationships between mineral concentrations in leaves and
environmental factors as follows; 1) Type I: mineral accumulation in leaves depends on
the habitat and is affected by growing environment factors such as air and soil
temperatures and altitude with the exception of soil mineral concentrations
(whole-region ranging species; pteridophyta, Athyrium vidalii, limited-region species;
magnoliophyta, monocotyledon, Tricyrtis affinis). 2) Type II: mineral accumulation in
leaves hardly depends on the habitat and the autonomy of mineral absorption is high,
although calcium (Ca) and magnesium (Mg) concentrations in leaves are affected by
soil mineral concentrations and cumulative air temperature (whole-region ranging
species; magnoliophyta, monocotyledon, C. foliosissima, limited-region species;
magnoliophyta, monocotyledon, Sasa palmata and D. smilacinum). 3) Type III: mineral
accumulation in leaves strongly depends on the habitat and soil N concentration, but is
also affected by the growing environment such as air and soil temperatures and altitude,
and the autonomy of mineral absorption is weak (whole-region ranging species;
magnoliophyta, dicotyledon, Aruncus dioicus, Polygonum cuspidatum, Artemisia
princeps, Plantago asiatica and Oxalis gliffithii, limited-region species; magnoliophyta,
monocotyledon, Heloniopsis orientalis). 4) Type IV: mineral accumulation in leaves is

affected by growing environment factors such as soil mineral concentrations, air and
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soil temperatures and altitude with the exception of soil N, P and K concentrations, and
the autonomy of mineral absorption is weak (limited-region species; pteridophyta,
Dryopteris crassirhizoma, magnoliophyta, dicotyledon, Cacalia nikomontana). 5) Type
V: mineral accumulation in leaves hardly depends on the habitat, but is affected by
growing environment factors such as air and soil temperatures and altitude with the
exception of soil mineral concentrations, and the autonomy of mineral absorption is
weak (limited-region species; magnoliophyta, monocotyledon, M. dilatatum).

4. The responses of growth and N metabolism to varied nutrient concentrations in the
medium in C. foliosissima, A. dioicus and P. cuspidatum growing over the whole region
of Mt. Daisen differed among three species. In C. foliosissima (Type 1I), to the change
in nutrient concentration in the medium, the mechanism of dry matter production was
maintained by maintaining the soluble protein-N (SP-N) and low molecular weight-N
(LM-N) which are important for dry matter production or compensating the SP-N by the
LM-N. In A. dioicus and P. cuspidatum (Type III), the ratios of SP-N and LM-N were
markedly lower, and the composition of N compound and amino acid concentration
were considerably affected by the change of nutrient concentration in the medium.
Additionally, in P. cuspidatum, the conversion pathways from glutamine and glutamic
acid to other amino acids were inactive and the amount of stored amino acids was
considerably reduced. As a result, to the environmental change, it could be considered
that those two species were the varing type that grow over the whole region of Mt.
Daisen with changing N metabolism and mineral uptake capacity which were important
for dry matter production.

From these results, we could classify adaptive strategies for the native herbaceous
plants growing in Mt. Daisen into five types according to the characteristics of mineral

accumulation and the relationships between mineral uptake and environmental factors.
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