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Environmental factors affecting the gross production and transpiration

of an understory dwarf bamboo (Sasa kurilensis (Rupr.) Makino & Shibata)

in a stand of Erman’s birch (Betula ermanii Cham.) in the boreal
montane zone of Hokkaido.

Takahiro Yamaguchi®?, Akihiro Sumida?!, Taro Nakai?®, Masahito Yamada’*,
Yuji Kodama'®, Kiyomi Ono', and Toshihiko Hara'

The aim of this study was to explore the biological and micrometeorological factors affecting photosynthetic
activities and transpiration of forest understory vegetation in a cold region. Using eco-physiological methods,
we investigated seasonal changes in gross production and transpiration of a dwarf bamboo species, Sasa
kurilensis (Rupr.) Makino & Shibata, growing on the forest floor of an Erman’s birch (Betula ermanii Cham.)
stand in northern Hokkaido. We analyzed the relationships between seasonal patterns of ecosystem net
production and evapotranspiration and other micrometeorological factors. The soil temperature of the stand
was lower than the air temperature until mid-August. When the soil temperature was lower than the air
temperature, soil respiration in the stand made a smaller contribution to ecosystem net production. The highest
gross production of the Sase understory was in autumn, when the air temperature decreased and the light
intensity above the understory Sasa increased after leaf-fall from the canopy tree species. These results suggest
that the leaf phenology of canopy tree species and the seasonal changes in air temperature and soil temperature
are the major factors characterizing the eco-physiology of understory vegetation in this cold region.
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1. EUHIC

IR, BMDBRRZICE 2 28 25 HliT 2 720K
S BEBAERRRME DK « REIFERIC DO W TRAIFE S
NTWwa . Brcdb A, #ER EoOJMKEED 3470 1
EHO MR ET2RBICKE NS A —LTHY, Hi
BRBIEE DK - RFEERICEE 2 BREAEZRLZL TV
(Thomas and Rowmtree, 1992 ; Keeling et al., 1996 ;
Myneni et al., 1997) . FHRIRDAK « REBEIEERICBH I 5 BF5E
FHFREHTITbR TV A5, WERZRSR L L
M%<, TEEE 2R E LFRENZD 2w (Kelli-
her et al, 1990 ; dbAHZE2>, 2000 ; FEFRFIZD>, 2004 ;
Sakai et al., 2006) . FMEEED FEEARIAE OHE
WX o TTPEHEACEELE5 2 20, TIEESE S HE %
HERR T 2 mKICS £ S E B E T3 2 LM eI
X2k or (Lietal, 2012) . FrCEBIIZBWT
&, FMERRRORBIN LA F 2 T EMELED
FAEOBEEENEHES N T WS . 72 & 213 Sakai et al.
(2006) (3¢ BN TERIMR O — iR L E R (GPP)
DK 2% T A VY BECLZ2bDTHE I L
L7z, %7z, Kelliher et al. (1998) X, v¥ 7k
TR BT 2 ZRFEBD 50% A LM T &0 © D 78T
BThs R, 2SO, FEHEBEED
S F X F AR ERDFR SRS T 2 TEEAE DK -
KFEPELANDEBRICH L TR EBFEELEZ TwbE L
ERBLTHWS . BEBRCBLTEIRERD 7 = /0
V—Th HHAEE LRI > TTEHEAEDRE N K E <
ZlTreFEzoNded, ME7z / ay—%2FFL
TK « KRB £ BREIG OFHZAL 2SI T 5 2
CEHHEETHS.

UL, TEEEENRE LI-ENICE T 2158
CRERFEWN L HERLETT VI L 55034 < (Sakai
et al., 2006 ; Kelliher et al., 1998), Z4REXfxFik%
A7z mr e flid sy JERHE 2, 2000 ; FERIZ 2,
2004) . [ERFHFETREIMAREZOMEHIZEHIC
Lo THEEERD 7 v 7 A2 DR (L= HEE T &
508, 2o OZT L THEAE DR ER OB E D
EOCBEb- DN OVTIEHRET 2 Lk n. —F
A REE R 7 TR I EHE D D BEME T & e WESENS L EE
LR DT OMERIRD 7 7 v 7 A0 % ORFHZ L 2 #EE
T ICIFEHENTIE R WS, HHE—RKQEDOADKED
BN EDIEAED ED £ 5 I AEYIERNIC L > TR Z -
TeOWERETE L EVWIHF LD S .

TV EEE L HARDO SRR B 1) 2 RFN 2 T EMEE
THY, FrcdbiEE Tk, FP563 77 ha DNOK 501
Tha By V#EEEbR>Twa (BRIZ2, 1983).

ZORWSHM S b, FEVEHEIIFRADK « RFEIX
FICBWCHEELIHEERTCHL W2 5. £/, TE
PHEEEIC B 5 REBEWEZOWFFEFNITIZEA EDB T < A
PHEHEENRE LTS (BRIEA, 2004 ; Sakai et
al, 2006). F¥ ¥y EMRE LHIEE LTI, |k
JEARD 2 BB F >~ YRR O 4 ER R T L 1
Oshima (1961) DO#I3H 225, FIEF &~ I EHED
WeBi3FEFE D, LiedS> T, 3V DRHTHRS
b x TofL, KBITH 2 F ¥~ P 2R e+
3 Z e, dbAMOYBENERICEET 25t B\ TEE
ThdEWVZ 5.

Z AT, 1. dLEEILER D ¥ 7 A oD
TIEF ¥~V EEONEE « ZKHOEE % E RIS~
R A2 MIZT B2, 1. 25 PHMER
D72/ uY—ThsrHEELHEIEITELTED LD I
EHLT200EHO»ICTE L, . BonR
% RN RS — RO ED XD AV LU
MEARBHCBEL Chanz2lHoncT 22, %
WeHB E LT, TEFY~ ¥y EEoK « REBENFIC
L, WEEDONAKEEN LRHEEDHFES L AR
78 MU ERENTFEE AW HE 2R A4 7.
iz, 77w 7 AT =5 BFIRALTY 7 v
HEEDK - RBEWNKEHEL, BHBOTESF v~
FHEOLBMAEBRYBEEHS P T 2 A 21T
7.

2. MBETE

2.1 FAEHOBME

IE X ALEE AL AT E 3 2 dbEE K AL T A E
7 4 =) PR Y —NEEER O 413 RIEN O —
R (44°20N, 142°15°E, & 580m) Tiro7z. Z
OFEHIIERIC L 2 THEOR SR I LRICHAER L
125 7 >N (Betula ermanii Cham.) 2385 L TH
D, 2008 £ S THR X 34 AT H - 7z FHEH DK
WRIFHITZERN LU TRA LI F =YY (Sasa kurilen-
sis (Rupr.) Makino et Shibata) &b Tz,

CDOFMANIC20X30m OFE 7 1y b 531988 412
HREINTBY, Z2ORh CHAFAB LT, Fic,
[EBH S 7 — 70y MCBHEL CERELTHY, 7
7 v 7 ABMEN R T b Tz, 2007 F RS
WBWT, WEROMEEEEE 3483 K ha! (555
7 Jr > oN2733 K ha™t), FHMEERE X 8.16 cm,
PIEx 9.93 m, PR TE X 5.86 m, MEmAis
FHE 21.0 m?ha™! TH -7 (QLEERFEERIFII R
SRS LA B S N — T HARFAE T — 4 2007) .



JETHTIE D Y9 DIRAEE L 758 43

iz, ZOFETvy bicBWwT7ax Yy 7k
THEE L 722006 00 LJ& 5 7 7 > N ORI BEHE B
(LAD 134.56m’m=27 -7 (Sumida et al., 2009).
TET ¥~ ¥ lE T FRE S 270 cm, FHYEERE
HE#1.7220.14 m*>m? (£SE), K N1 4 = X 1086
g m2Thor (I, 2008). LinioT, FEHA
ETEBY YV EE2EDTHELAIZ6 I EEHESNS.
[EIRFSEpk R T HBE T SeBRBOt N (5 287 m) TH#l
s N7 R/REMZ, 1994 F0 6 2007 F F TOLHERMF
¥IREE 4.22°C, g A FRIEIZ 18.85°C (8 A),
EEAFHRIRIE—10.63°C (1 B), FHFEMBEARIZ
1190 mm Th -7z (Ae¥FERFEIL T EME 7 4 —V ¥
Bl > ¥ —HMBE R 7 —v 3 > 77— http://www.
hokudai.ac.jp/forest/) . BEAMIX 11 AhA» S 5
FRITHY, ZOR6 » HORFHEHOMKITE I ED
nTtnsg.

2.2. BASHEE

KR TIE, TREF <PV REDOK « REBINEL % 1H
EDOIEREES) L R EEME R OTFRENMER T —2
DOWE L. =75, 7 h MoKk « RENXK
X777 AT = hoHEEL.

2.2.1 TEBFIVHUREEICWITDIREFEZHIEL
e —HEMBEROBIE

2006 47 H~10 H, 2007 &£ 6 H~10 H iz H iz
ZEH UL E—E, R G EAREE REE (LI-
6400, LI-COR, Nebraska) & ' % @ LED & Y% % IR
F-x > N— (6400-02B) %= F v TSI R D #Hl
ExTR 5T, FUEHOFHIFIC, 75 AICnD
DOFES PO YBIELEIE L HE (TE LU ME RN T
WBEE) BZNENE 3~ ABOEY, ERRIC oW &
FOWRETHE 2T R>7. V7V AT4 YD
FE b & H PR %2 360 ppm 12, FEIR & 25°CI2 % /- fg =
(VPD) 3@ a sefFic il L, SeA a7 %
& (PPFD) #*HEIMICELS €40 oA REE B L
ORGP & 2 FEgk U7z . g, Zh o OfIERES
L CERECHELRY, EEE, REaRS e
L7z.

H— A R AR IF R 25°CTHIE 21T > 7243, 10
AD &5 REE T CREL > 1ot —EiRs G o n
BUREMER D B . FD7-0, 2007 HE10 HicY) 77 v >
A DK R 360 ppm, EEIR 6 *CORIEI T I2 T
B 25°CIe B 2HE & FRBRD FHET 1RO LFELETEIC
WL, EREE B X ORI 2 HE L7 .

Z ORIETIX 25°CIcB1F 24 PPFD Q[umol m~2 s7!]
W2 2 ML ERREE A, [gmol CO, m™2 s71], A
B A E Apayx [gmol CO, m™2s7'] B & OBG IR EE
R[umol CO, m™2 s7'] OEHENELNE. ZhoD

EREOMOEMRN TELDOIEE A2 (Jonson
and Thornley, 1984) TEITE 2 LIREL, HAETH
Mg/ N 72 5 £ 91— G R O YIH AN S Z X
Y LIMERRTINT XY §BRDTz.

A= ¢><Q+Amax7\/(¢ ><Q+14rr121x)274><¢’><Q><¢9><Amax -R
n 26

(1)
FHEZET — 2 3R], ARSI L7z 6 DL
T, Je—Jea kiR 2 fER L7z .

2.2.2 BAFRETCEIFDITEOFIVHHEEDN
BROBEZLDAIE

%72 2006 1T, BER BB T B A -
EMBLUEI 77 ADEEEE S DAZEL
REND 72012, LI-6400 HOFEHF = > N—~y %
HouToa vy 7 s REDF ¥ < PV DOIEDNERHRE
DO BBEE 21T o 72, WEHEBEIOEEE « ZAB0EE B &
W, [fla vy sy > x, VPD, K6, R, HE
E, PPFD Th 5. FEloflHZEATIcE T 2 HIED
ATHCHIERETICBT 2HE LR UCELHNT, Y
Ty VAT A RO EALRFREE % 360 ppm 12 ]
HIL 7 DUMERIESRE 2 HARSFIC L THE» o HE %
TI1EMB S IcZh s OBFEE 2Tk L7,

2.2.3 TEFIVUUHERDEERBSDHETE

F ¥ < PIREE NI O JEERET & R ORMIEIB M
ENA A~ ABRWEET 272012, 200647 H~10 HD
BRI RN 2007 £ 6 HIBWT, 2X2mD7ay b %
WH2 7oy b3 OMEXREL» o MIEACEREL, B
EE 0 ecmBICEBIAE D 21T-o7-. $/1E /I 30
cmDFTLRELREZNRY, 270y bOT -5 %
HANZ L7z,

s 10 7y FOBEHNERY KOS5 7 HORE
DERfIZ 2 7y T, 10 HOMNED Kz 1 7uy b T,
FHHENBOESTHEREI LR FHREE
(RPPFD) OZFEEHF~. 2foNET XLV —%
177257 —% ax— (LI-1400, LI-COR, Nebraska)
% TR EES E WERO LD EIRRAIE 21T > 72, 2D
BB A BRI D B D F2E KA O D D Jif L&
30 cm FEIZ 20~40 7 FTICHIE L 7z . HIE X EZE D%
BT WEY OHPYENRIC TR o7z, ZOf
23 ~XTHY, Beer-Lambert Bl 2K 5E L THIXGHEE
o —FREIEmEBER 2 ko 7.

I=ILe ™ 2

2T, TRHENDD 25 & TDPPFD (umol
m~2s™Y), L 3HE LEO PPFD (yumol m™2 s7Y), F
IEEETDE, K XBOUREEERT.
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2.2.4 TEFIVHUHEAMKET—Y
BHENOMEART—7 & LT, 200656 A 4 H~10
H28H, 20074 6 H14 H~10 H 28 H ({H L, 2006
F8H1IH~4 HIZXHAD) oW ciiFks x>
gy O E1.5m OREE, i 3m d PPFD, %
S 5cm OHIR, KO 2007 7 A2 5 10 A OHAIICE
RN Ty < WY MIEEE O E 1.5 m ORE
Eo7—5 (ILHEMECZ, KFER) L. Mg
LT 6 AUEio7T—% dFifksnTw»izDT, 4 8
30 H (DOY=120) £ T#->CH AL . BHEx EE
OARNCEEE X 1 » 77, PPED X 3 » At (X a v b
FETEEROAMAD TP, 10 4 FfE 2 508k L7z .

2.2.5 FABMOF VYU AEREE
FEROBHENTIED F >~ ¥4 ONEREES 22
RE2 200, 21 TREF Y~ EEE Bl (FAR
PMEAL TR WIREE) OF ¥~ P IHEEE DK « RE
NN ED LI IR ZDNEFRDL =01, 2007 £
D 6 H~ 8 ADHMIC FEF v~V X DILH DB
D F v~ PR IC B W T, 2.2.1 EREILCHET
EDONAES TN, KGR 2R L7z,

2.2.6 FIVYHHITILDEHRIEDT

FHTHEERIE IO OEDOFEHI EERE I
FeiEy , FEmAEET (L1-1200, LI-COR, Nebraska)
ZAHEA L CEER 2 {ER, 80°CT 48 KA iz &
itz E R WE L, BEAR LR EE D S LI
T (SLA) =&H L7,

F 72, FEBIAERL D 302 & o TR U 72 30N SRER = 12
Feblm by, RO, &S HNCERRETC CERR
ZHEIE L, T T 80°C T 48 HFELL_EHZ R 1 5k
EHEAPHELL.

2.2.7 R&E—FTHV/\MHEDK - REBRE
REA—FHREOEEDK - KEIFRE %7+ % 72
%, CREST/WECNoF (JST/CREST, [dt 75 #k #h 4
2B 2 AKIEBRERE L A RRAEE D 8T X — 514k ] R
£ KHER (BHBERFRFR G REFIRREEE,
2002-2007)) OWfFE7OY =7 hO—EE LT, FHHE
Mz B W TR XV 7 7 —BHIPTRbitTn
o, T DB T —5 O s, 305K 0
BIRFET T 7 ALERT v 7 A, ROF 7 — D
PPFD OAWFRAEMEOBE 7 —5 (hHARE, K
F3) R TR wniz. 7, FEEEEmICB LT
2006 F-2» 5 2007 2 TEEI S LT v 3 1R
7= (REMT, KFER) RREEL W0,

2.3 TYBMEHEE
2.3.1 TEFIVHUEZDORENZ
2.3.1.1 TEFIVUPHEAERECLIDIAEHMDTEICKT
T BHIRFHEDETE

AR OER T — & TH & N BIED G — GG R iR
1, FEE (25°C) ® VPD (0.3~1.0 kPa) 3758 7% 5%
HFTERL TS, TEF Y VI #EH# I3 VPD
WX EARSM T b A I 2 #iPE (0.5 kPa BiER) 1<
Boleh, KB L TTHEHRIC X > Thrieh 0%
b odz. 2Dk, BARSEMT OHEDNE R
ZHEE T DB, LA HARSM T O PPDF
OFHEZRAT BT TR TH Y, HEREE
IZHT 2 RIBOEELFET ILENH L. 22T, H
REGTCBI B HEROHEHED T —8 23 RT
v, 2 Jarvis o € 7 v (Jarvis, 1976) %3
LT, WE— AR EHE L.

ZOETINTE, M, BEBLUVPD O3 DDO5E
BRN T N CHRBE LGSO RKBLAREE % Puax &
EETS. F/2, NS5O 3ODOBBERKIZS B 2 DN
R L O EBATRE LSRG E X, VD1 DD
BEBHENOAICHIREND LIRELTWS. 20X
3 DO DOEREEEN DHIR 232 1) 7RI B 1 B FOGL &R
JE Py D Prax W 2800 HE% [ AIRESCARGHEE | & o
RIEWXT 5. AEBEAEEEIZ 0L LI TOfEE &
D, ot WEZ/EVPD OB LTRSS, ok
Z\ZIRE S VPD i Ic R e e BE (B=F=1)
X, BHEEEE P (1) XD H—ATeEN G R %
KRIBEKEF, 0=F=1) DARIZE-oTHES R, P=
Poax X F, TEENS . F, F,, F, bZhZh ULl
UFofEiz L 3.

Pg:PmaxXF1(Q)><F2(T)XF3<D), (3)
ez,
2
MXQ+1—\/(—%XQ+I> _4><_¢&><Q><(9A><1
— Pmax Pmax Pmax
R(Q)- s ,

(4)

_ (T — Tmin)(Ti Tmax)

FZ(T>: 1/4(Tmax_ Tmin)2

(5)

D*EXP(—bXD) 6)
(a/b)*EXP(—a) -

B)RITBWTIE, HEORNABHE Plxmol CO,
m2s'] B, Q (=PPFD; [gmol m2s']), T (=
St [°C), 8L U D (=VPD; [kPal) OB DM
ELTERESNTWEZENDb®S. (4), (B5), (6)=
TR HBOREELETNAK I (@), 1M, 1
(0 WmREaNhTWw3. B JarvisBl € 7V T, P,
Q, T, BLXUD OEAEL»S B)HKDXF x5 — (=
4), B), BO)RD/XT Xy —) EEKFICHET 5729

F(D)=
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DOEFEZITS 23, KBFFETIX, ATREE B 1205 %
BEORE, $bbG)RD/IT XY —Tha (XE
RS AIRE R e K& 5 [PCl), T (SEEREAAIRER
RIESIE ; [°C]) ZHET 3 2 EMNRARODEHNTH 572
B, QRDNRT XY —HEODEDOIFEDOL LT S 2F
LT, UMTFTOLIIZWL DD /8TF 27 — R FEEICE
SNTAEITEL 85 XD BREDMHEIZEE LT, Prax
1T N T OBRBESAF D FIR I et & 75 o 723556 DYEHER
BRI EHHRE [ymol m2 '] 2RI ens,
(1) KD AR R E D E R KB Apax D 1.1 15
DEIERICEE L. (DR BWT Oy 13—
BN ¢ OFHOEAAE, 64 131ME 6 DE
BPSEEEZ W, G)RICBEWVTIE, Tha 13 45°CLL
TeR2EDICHIBL, £72, Thax 225 T £ TOIE
Z50°CIC B L) KERICERELL. GORI2BWT
i, VPD 2%0.55 kPa THIBER IR ARG EE T % 5
Eowma, b #EELY (a=b/0.55). %72, Th
5DNT XY —FREDOBIL, TEE 6 CTHIE L%

GBRBEFR» /G LFHBECES L5 (T, F
(T))=(6°C, 0.6) fIEDOHEZES XD WCHEL .
M EOBEOFER, EB () RDEYFIZ L > THREL
BUNEES 20T A —1FG)AD Ty, & (6) D
aThHs. Thoofiz, Q, T, BLUD VL%
FHEOTTHIEL 72 P, 0BHIE & (3) iz & 2 H#EEE

EDFED 2 FHMNIR/NCH S L 512 Microsoft Exel
2010 (Microsoft #) OV W N—BERE R L TR 72
(1), BEE L HEMW:oBFR2 7oy b L (M1
(d), EUFREIER L CTHEEREEOMRET-o 2.

B —TIREC AR 2 C D X S HEE L1 — T,
S —RE R R BT 2 WA RIS TH D,
BEORELZZTIZL WL, BLU10 ADKETT
DORERFICHIAAI SRR KER R LIz 2 en b,
N — 6B R HIAR DI A D FE5FH T D 6 E R O iR E K AF
MR TS 2 LRE L. (1) ® PPFD=100 xmol
m=2 s OHFAEFIAE E LT, I OEPHIZIZ Jarvis
HE 7V O E —ATREA A BB (R X 2 37 (D X

10 o
£0.8 £0.8
Q 0.6 Q. 06
N\ N\
ap 04 op 04
Q 0.2 Q. 02 - H
0.0 ‘ ‘ 0 ~
0 500 1000 1500 2000 0 10 20 30 40 50
PPFD (u mol m? s™1) Temperature (°C)
= @
m v
T e
510 1 .
S
=
©
2
@
£
-.‘7)1 T
3 a° O 5 10 15
VPD (kPa) Popserved (1 mol m? s71)

1 FEF Y=YV OMEIEHE T — 2 1203 % Jarvis BIBIBUC L 2 1BE —TTREROECE IR O E . & AIXFTo RSN
Twes T EHE, thitdfE SN eBEEEE2RT. WELL/ST A FESB L FRIE dnar/Puax=0.0047, 4=0.065. b=
0.55a. BHH L7287 X Sk a=2.448, Tain=5, Tmax=45. (a) Ho—THENEERHEERIMR, (b) EE—WREA BHEEBILR,
() VPD-AIRENE R ERATR, (d) MAEHEREOBIMIE (Poservea) & (D (K32 2.3.1.1) C X 2HEEME (Pestimatea) &
DL . EARIZEVEE (Pasimatea =0.2924+1.046 X Poyservea, R2=0.649, P <0.000, fEHEFLFZ=1.909). H/FNOMEZI1Z1 D
BEZ3a»ro7z (P=0.05).

Figure 1 © Estimation of the air temperature-maximum possible gross photosynthesis curve of the Jarvis-type function using
the individual-leaf measurement data of understory Sasa kurilensis plants. Dots show values measured under natural
conditions in the field, and curves represent the functions estimated. Assumed coefficients/equations are: @max/Pnax =0.0047,
04=0.065. b=0.55a. Estimated coefficients are ¢ =2.448, Thin=>5, Thax = 45. (a) Light-maximum possible gross photosynthesis
relationship, (b) air temperature-maximum possible gross photosynthesis relationship, (¢) VPD-maximum possible gross
photosynthesis relationship, and (d) a comparison of observed gross photosynthesis (FPypservea) and the values (Pestimatea)
estimated using Equation (1) (2.3.1.1 in the text). The straight line shows the regression line(Prestimatea = 0.292 +1.046 X Popserved,
R*=0.649, P <0.000, standard error=1.909), where the slope was not significantly different from one (P =0.05).



46 e BA, BHE BIEE, hJEOKER, IUH M, RE O#=, N OEE, K OBSE

D B D% v TOEEREE 2 HEE L7z

2.3.1.2 TEFIVHUREZECIDIFROREKEFHE
DHETE
7z, WEWPIRGHE 1 3HE HETH DREIFIR 7 — & DR L &
WPIREREE & DRtk &2 TRLORD & 5 BB TllE L
BERANC IR — R 2 (R L 72 (L, 2008 5 44
ABZE P<0.001 [HEE P<0.001).

WAEETE) R=0(.0269928 X exp(0.12194 X T") (7)
[HEE) R=0.049532 X exp(0.088077 X T) (8)

R ZEDREBHEE [xmol CO, m™2 s, T IZimE
[°’C] 2&£T.

2.3.1.3 TEFIVHUHBEOHKE—REE (GPP)
DHETE

2.2.5 OFENMEREH TR o NI F v~ V%
L#@ PPFD 7—7%, ERDUEY Xk 0 HE o i HRIE
BIOFENBOMAEERRK L QXX 0, BEHE O 7
YWY RN OREE R O 10 438 & O PPFD % #
E LT, Kz, MOEEREHE 2R3 (1) X & FFEE
REZBRWIEEGH ER T XA LHOTUTOEESR
To7z.

X Q+ Anax— V(@ X QF Anax)* = 4X ¢ X QX X Aax
Fe= 26

1)
ZZTHERLFE Py - ARG [ mol CO, m™2 s71]
DA D) RoEs e/ UTH L. 2o Q) cEHEN
HoOESH O PPFD 2R A L, BE& S OELEDRE
EREERZEH L. K, TEF Y~V EENSE
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D7 <A YPIEROWE —FRERZ v, [ET—75 &
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LEESNPP Dt
2.3.1.3 OFFELEREE £ 2.3.1.4 OTEFIFIGHE
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LI-6400 TOMERLISIOERE L 72K fLla > 57 5 > A
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Tear— 17 =0.001592 X PPFD —1.059 (14)
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2002) .
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i &k B —RAEER O B X 2 NPP) 28
B,

CO, 77 v 27 A (F,, [umol m2s']) i, GPP &
AERERIEIR (RHAEIC & 2 PPI% + H3EER) DOFERH» S 7%
DRMERBROIERD CO, X ThH Y, AERMAERE
HE (NEP) LIZIZRIZETHZ (HL, FERIHICK
3). CO, 797 AT =% BEHELZEELIE,
FRCEL VAU REEO RS (Gap filling) LT
DFFETITo Tz (FHKRER, KFEH) . RO 19X T
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L7z.

_ $XQ+GPPyy— (¢ XQFGPP, P~ 4X $ X QX §X GPP,
EDAY - 2(9

max + RO
(19)

Foxienr =0.47258 X exp(0.099313 X T) (20)

ZZTEIECO, 77927 A [umol CO, m™2 s7'], ¢
FHI W A B (=0.0378), 6 (=0.2345) & (™1 B,
GPPpax (=32.03) 1319 o it o EFRME [wmol
CO, m2 s7'], R, (=3.0581) i PPFD #%0 L {R:E L
7z & & DEBRBTHE [ymol CO, m™? s7!] TH
2. 3053 LD Fapay 720 Fayenr OEET1IHb 72
DD F, ZHEE L.

F72, 2.2.7 X5 BTN OB T -5 2F AL,
19BEOERREES>EB L, BE & OBFREL 7
gy b9 5 2L KD EE— B 2 ER L 7
(P<0.001) .

SR =3.0419 X exp(0.0907 X Tyoir) (21)

ZZT, SR IZHIEMIEHEE [gCO, m2day '] #F
U, Toon ELEEEE [C] 2% 3. CORXEEHEND
R 7T —% (BEE 5cm) » 5 HEIEBARMN O 1 BEk o &
EHEE LTz, 57 h N e 2 E ik etk B
NPP, ANPPgeoeys[tCO, ha! day '] Z2RXRTHEHHL
7z.

ANPPycosys = NEP + SR (22)
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&

(B L OBIAKR) O EEOFERRE % 7 L 5[ v» 725
D, B X OFE OM— R AR (2 1T 3 O R GR %
L7260 (ANPPgosys =GPP— Rupovegrouna = NPP+
RBelowground) WSS 5.

BB 7 9927 A7—% (IE) ZREEZERVE,
Gap filling # (E & PPFD & OEER %\ T4
7o (FRIERER, RK¥FEFH) (P <0.001).

[E=12.008+0.18433X @ (23)

IE 37y 72 [Wm?] 287, BE7 5y
I AT — Y IIHMERRDOERD HLONEZTHD, &
N HRORFEHE IR L.
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3.1 FENZBEOTR

FAAT T R HAR (2006 4 6 H 4 H~10 A 28 H, 2007
F6H14H~10H28H) ((HL, 2006 48 H1 H~4
HIZKHED) 282, TEFY~FYEE L L3
m) 57 B (R8BS Vv — L5 ©
PPFD (HMEOMET =% 2w Ho b7z D OFH
) oFMHElxEK2@ Rl HE LSO
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DBRIIFFPA LTIz (B2 (@). £/, MEKRTH %
5 A1 N DEERIEROMESFRL DD H % 10 A
EEHIC 2802 FEd PPFD 38 L7z. —H&HEMHD 5 7
A NODREEFOMKRELNBEKRL T B (6 A
DOY152-181) WX TE7F ¥ =¥y FHE L O FHiZE L
1ZfE S PPFD OZ LIZ K& oz, MEEHEH L
TWwWB M (7 H» 5 9 HDOY182-273) 21X, W
KDy > 7 vy 7 AL D PPFD IZMRRICH £ 1 &
WTWienotz, 2007 FAX S 7 B U NDEIER R RE
Nnicizoiz, TEF v~ E%E Lo PPFD O#0
T ALY 2006 F & DL o7z MELBIML T
LA (6 H, 10H) £ v &, MEIEAEL Tw 2
M (TH»59H) oF», FTEOHEFE1I.5mDOH
HFEEEE IR WERIC D - 72 (2 (h).

HIF 5 cm D4 HEHHIE L, WE & BEENES 5
HEPEZ 0 CUAT 2o 7208, MERDBIERE (B8X%
DOY=150) Ejwc#simL7 (B3). UL, WEL D
1 EE D HF O REE & D b RO HESMEDIF 5 2
{RWERA DS 8 HHE] & Tlen7z.

3.2 T HhY)\MEEDM _EERHEAEE ANPPecosys,
TEFIVHH DM EEMHEE ANPPsas. 8
4 GPPsasa, BRUBEBMF I YHHOHBE
E GPPopen

HIEHMCB 2 1 Hb72 D OHMeEEoH I

NPP (ANPPicosys), FEF ¥~ 5 O #5604 2



JETHTIE D Y9 DIRAEE L 758 49

—~~
Q
S~—

1000
1

2006

600
1

0 200
1

""June T July " Aug. " Sept. ' Oct.
180 210 240 270 300

150

2007

' !

PPFD (pmolm2s™)
1000

600
1

o
g
N
© T June ' July ' Aug. ' Sept. ' Oct. '
(t)) 150 180 210 240 270 300
o
/\8 7
X
N
T8
xx
c
® 3 —— 2006
(0]
S ] — 2007
g T T

" dune U July
150 180 21

DOY (days)

2.5 0 N ONBREE LN E O FEH L.
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FUTEF v~y (i EmE3m; B OHFROFEE
H BRI RCE T REE PPFD OZFHiZ k. (b) 2006 4
(HFHD) BLU2007 F G5 OTEF Y HEN (1
FE1.5m) BB, EHEOMEER 7 H RO
BE DRI, ME S S DB 2006,2007 4E & b
BLE6H1H~6A30H (DOY=152~181), % IR
132006 FixB L2 9 H29H (DOY=272), 2007 FiI 6 &
Z10 H12 H (DOY=285).

Figure 2 . Seasonal changes of light conditions and relative
humidity of the Betula ermanii forest. (a) Mean daytime
photosynthetically-active photon flux density (PPFD)
above the forest canopy (green) and above the foliage of
the understory Sasa kurilensis (3 m above ground; black) in
2006 and 2007. (b) Daily-mean relative humidity (excluding
nighttime) within the understory S. kurilensis vegetation
(1.5 m above ground) in 2006 (blue) and 2007 (brown). Leaf
flush of B. ermanii in the forest canopy occurred during ca.
June 1st-June 30th (DOY =152~181) in both 2006 and 2007,
and the leaf fall started on ca. September 29th (DOY =272)
in 2006, and on ca. October 12th (DOY =285) in 2007.
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& N DBRIERIZ 2006, 2007 EE bB L Z 6 H 1 H~
6 H30H (DOY=152~181), #%ZEBALHIE 2006 FFix 8 X %
9 H29H (DOY=272), 2007 ¥ 8 £ 10 B 12 H
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Figure 3 . Seasonal changes of the air temperature at 1.5-m
height above ground (green) and the soil temperature at
5-cm depth below the soil surface within the understory S.
kurilensis vegetation. Leaf flush of B. ermanii in the forest
canopy occurred during ca. June 1st-June 30th (DOY =152
~181) in both 2006 and 2007, and leaf fall started on ca.
September 29th (DOY =272) in 2006, and on ca. October
12th (DOY =285) in 2007.

W2 LAY, 57 A A HREED ANPPpsys T
1% 33.3 (2006 4F) 3 L8 33.7 (2007 4£) tCO, ha™' 5-
month™ (R 1(a)), FAMM 7 v ~ ¥ Wi %E O
GPPopen T 1%32.6 (2006 ) 3 & 1830.0 (2007 4F)
tCO, ha™! 5-month™ (£ 1(c)) & Xz xRL
72 . ANPPreosys I X S I HI EES O FEIRHE CRIEE)
BRUIZS DN 7 h v k& tko GPP £ 5 ((22)
R) OT, 77 2 e ERo GPP 3Bt 7 > ~
PHEEED GPPopen LD B X BIWCKREWVEEZOHNS .
ZDOZ X, BT v YRR L D F b B
HEDIF>VLAINKEho22 L (2.5.1) 256 bR
BaEns.

—77, BBothF >~ Y MEEE O GPPopen 12X T 5
FMTEOF v~ OIBLERE GPPss DEIG X, 4
FHM DR T20%H L »7kprol (£1()).
GPPsasa D 5 H W V- LESRERGHFE RA 255 0 2 El &
3, BERCEL Kol EF1W)). 20k, TEF
VY O EERIAE ANPP,, (B4, HH) 134f
HARDEIELEZ 2 6 ABRLLUELIELITADHEERL
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(HH) o=z, 7 —8lHlo7T—2 Y —X1& CREST/
WECNoF (JST/CREST, [dtA#c#fC 810 % KIE8 %
LA AR D 8T X — 5 1k]) .

Figure 4 . Seasonal changes of the aboveground net pri-
mary production of the whole Betula ermanii community
(ANPPgcosys; black) based on the flux tower observation
data, the gross primary production of the pure Sasa kur-
ilensis stand in the open site (GPPgpen; green) based on
individual-leaf measurements, and the gross primary pro-
duction (GPPsasa; red) and the aboveground net primary
production (ANPPs,e.; blue) of the understory S. kurilensis
vegetation in the B. ermanii community based on
individual-leaf measurements. The flux tower observation
data were provided by the CREST/WECNOoF project (P. L:
Prof. Takeshi Ohta, Nagoya University, Japan) sponsored
by the sponsored by the Core Research for Evolutional
Science and Technology (CREST), Japan Science and
Technology Agency (JST).

TWwiz.
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(4, £1@@).
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Figure 5 . Seasonal changes of the gross primary produc-
tion of the understory S. kurilensis vegetation GPPg,s, (red;
the same one in Fig 4) in the B. ermanii community based
on individual-leaf measurements, and the GPP estimated
only for their current-year leaves (blue). The difference of
the blue and the red curved lines corresponds to GPP of
older leaves.
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b, ZhHInT 3 & 5 ERRMAERE NEP (=
ANPPiosys—SR) OFHIZAL (8, BEY X7 H=
TIHEICEDHEEZRE> Twizhs, 8 HUBICIZADEE
RTZERLIELEBREIB LR, £10HD
LES 7N DEECE DS TTEF Y~V 0D
GPPsusa (7, FRER) I¥EIML, F¥y=FHBLOSY
7 A NDOH R OWER % & T 1 9 DR R D LR
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=1 BHPEMDHREFE. Table 1. Monthly values of the estimates.
(@) 7797 AT =512k &S HK
Whole forest community estimates based on the flux-tower data.

£ A i bBEEAERE gk ARRERNIARRE FRIFERL

Year Mon ANPPgeosys SR NEP ETR
(tCO, ha ! month™) (mm month™1)

2006 6 H 6.55 2.08 4.46 63.48
7H 9.96 3.47 6.50 99.52

8 H 7.97 4.02 3.95 79.16

9 H 6.43 2.91 3.52 75.77

10H 2.34 1.70 0.65 38.58

Total 33.26 14.18 19.08 356.50

2007 6 H 5.03 1.46 3.57 39.29
7H 10.70 2.96 7.74 92.97

8 H 9.13 3.94 5.19 79.67

9H 6.09 2.93 3.16 64.60

10H 2.71 1.65 1.06 40.05

Total 33.66 12.94 20.72 316.58

(b) FEF Y~V  Understory Sasa vegetation within the B. ermanii community

e H MRAEEE  Hb EERARRER  ZERERE  RRIER M EESHiAERE ZEHL

Year Mon GPPguea RA Rleaf Rculm ANPPgaca TRsasa
(tCO, ha! month™!) (mm month™?)

2006 6 H 1.45 0.51 0.27 0.24 0.94 5.99

7H 1.22 0.84 0.46 0.38 0.39 5.76

8 H 1.21 0.72 0.47 0.25 0.49 3.38

9H 1.44 0.44 0.33 0.11 1.00 3.21

10H 1.97 0.23 0.19 0.05 1.74 5.86

Total 7.30 2.75 1.72 1.02 4.55 24.20

2007 6 H 0.75 0.25 0.18 0.07 0.49 3.43

7H 1.92 0.61 0.43 0.19 1.31 12.99

8 H 1.45 0.71 0.47 0.24 0.74 5.79

9 H 1.16 0.46 0.35 0.12 0.70 2.98

10H 1.70 0.25 0.20 0.04 1.45 5.02

Total 6.96 2.29 1.63 0.66 4.68 30.20

(o) BAmthT o < Y-l

Pure Sasa stand in the open site

Year Mon GPPopen TRopen
(tCO, ha=! month™) (mm month™?)

2006 6 H 7.00 34.87
7H 9.08 51.04

8 H 6.65 28.14

9H 6.15 21.50

10H 3.68 15.48

Total 32.57 151.02

2007 6 A 4.35 21.26
7H 9.54 74.44

8 H 7.25 37.80

9H 5.15 16.11

10H 3.74 14.88

Total 30.04 164 .49

(d) HIEMEROEEOHtE  Ratios among estimates

e H ANPPsusa/ANPPreosys  GPPsasa/GPPopen RA/GPPsasa TReasa/ETR TReasa/ TRopen  TRopen/ETR

Year Mon (%) (%) (%) (%) (%) (%)
2006 6 A 14.34 20.69 35.19 9.44 17.19 54.94
7H 3.88 13.48 68.46 5.79 11.29 51.28

8 A 6.15 18.23 59.57 4.27 12.02 35.54

9H 15.57 23.47 30.61 4.23 14.92 28.37

104 74.10 53.48 11.87 15.18 37.83 40.12
Annual 13.69 22.41 37.62 6.79 16.03 42.36

2007 6 H 9.78 17.13 34.00 8.73 16.13 54.12
TH 12.20 20.09 31.90 13.97 17.45 80.06

8 H 8.07 19.94 49.05 7.26 15.31 47.44

9 A 11.43 22.52 39.94 4.62 18.52 24.95

104 53.47 45.29 14.65 12.52 33.71 37.16
Annual 13.90 23.18 32.82 9.54 18.36 51.96

Note ; RA shows the total aboveground respiration rate.
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Figure 6 . Seasonal changes of the respiration rate of all
leaves of the understory S. kurilensis vegetation (red), the
rate for the current-year leaves (blue), and the rate for the
aboveground part of all culms (black).
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Figure 7 . Seasonal changes of the soil respiration rate SR
(blue) of the B. ermanii community, the aboveground net
primary production ANPPg.sys (black; the same as in Fig.
4) of the B. ermanii community, and GPPs.s. of the under-
story S. kurilensis (red; the same as in Figs 4 and 5). The
difference of the blue and the black curved lines corre-
sponds to the net ecosystem production (NEP) of the B.
ermanii community.
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Figure 8 : Seasonal changes of the NEP of the the B.
ermanii community (black) and the aboveground net pri-
mary production of the understory S. kurilensis vegetation
ANPPs,q. (red; the same as in the blue curves in Fig. 4).
Leaf flush of B. ermanii in the forest canopy occurred
during ca. June 1st—June 30th (DOY =152~181) in both
2006 and 2007, and leaf fall started on ca. September 29th
(DOY =272) in 2006, and on ca. October 12th (DOY =285) in
2007.
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Figure 9 . Seasonal changes of the total evapotranspiration
(ETR; black) of the whole B. ermanii community based on
the flux tower observations, and the total respiration of
the pure S. kurilensis stand in the open site (TRgpen; green)
and the total respiration of the understory S. kurilensis
vegetation (TRsasa; red) based on individual-leaf measure-
ments. The flux tower observation data were provided by
the CREST/WECNOF project (P. L: Prof. Takeshi Ohta,
Nagoya University, Japan) sponsored by the sponsored by
the Core Research for Evolutional Science and Technology
(CREST), Japan Science and Technology Agency (JST).
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Figure 10 : Comparisons of GPPs,s, of the understory S.
kurilensis vegetation (blue; the same as the red curves in
Figs 4 and 5) and the respiration rates of leaves (green; the
same as the red curves in Fig. 6) and that of culms (black;
the same as the black curves in Fig. 6).
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