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of C3 and C4 Turfgrass Fields under Various Light Conditions
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Abstract

Since the 2002 FIFA world cup football was held in Japan and South Korea, many new stadiums
with roofs have been constructed in Japan. The deterioration of football field turfgrass owing to the
lack of light caused by shading has been observed. A prediction model based on the mechanisms of
photosynthesis and growth/decline of Cs (a cool-season grass)- and C4 (a warm-season grass)-type
turfgrasses was developed. Inputting the weather data on the turf grass field, such as the
photosynthetic, respiration, and transpiration rates are predicted by the multilayer model for
photosynthesis. Further, the leaf growth and root growth, etc. are estimated by the growth/decline
model. An algorithm of a two-dimensional simulation for mapping the growth situations of turfgrass
on a football field was also developed. Thus, this model can evaluate the growth and decline of
turfgrass in various types of shaded stadiums before the stadium is built. If turfgrass does not grow
efficiently in a constructed stadium, we can determine its cause and propose the most economical and
effective countermeasures. Also, the best turfgrass management techniques can be selected using this
model.
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2. HBMHLEAX

2.1 HBRERELTAENS

E5 L iETable LI RT 2SIV v H—REZ Y
7 AAORBIK (34030, ARE134°10° 5 < 55220 m)
MRS DT — 4 CRAFEZIT -7, BIHTI3600m2 T
U A0%DFRERX (Plot A) F5 L U370m> TR
40% DFBRIX (Plot B) & E L7z, A FZ VT LN
(9.279m?) 1T R D B /I & U3 352% 00 3Bk
X (Plot C) B X OERDEED K & VSR A80% D
BRIX (Plot D) ZR%E L7- (EEERITS &7 B80T

Table 1 FABRIX A

Details of the four experimental sites.

BT 2 KB OFERBE AR Z2 22 07 AIMNIBIT 5
KEEFEOFRFEE B TR LIZ DO TH D), ixiE Lzt
BRX DPlot A~DI|ZFEHMZE (Kentucky bluegrass, Poa
pratensis L.) %20044£4 7 (Plot A, B), 20054£2 A (Plot C),
20064F2 1 (Plot D) ([ZZEMNEAER L, Plot C& Plot DIZ
B (Tifway, Cynodon dactylon cv. Tifway) % 20094F
AFIEM LTz, Z OB, EHIEIZITED a1
TIRET- b OZMIEE L UTHERL, BRI
T LA L, Z20E, ey h—
=7 () BHERATEAL T 2EERT LT ) — %
==L, TRy AL DTS KO I EREE
IR U 7o, M K o C, Rl 72 oK, SERE, XEATEZE Ol
AENE, EHALY - 30mm, BEHIALE : 20mm) % FEHE L
7o THHDOE %A, 20AMICIE, EE10.8cmdD 2T T&
O LB L O O 7V E3EHT S L T, %
NENDNA F~ A EREFHEZRE L, [FIRFIC - Hm R
W7 OEEFERETH HLAL (m¥m?: BEEFEER) & HEim
FEFFCHMIE L7, TOBE, LAIE N 4~ 25 5HLMA
(kg/m? HEEmATE) 25 M Lz, 72, MV IALERECIT
0.57m>x2mD FFEDXIA T2 JE LTz, £h 2 OB IX
T, EWHOT 7 VL THER L 72 10cmx10cm*20cm® F
Y UNTIMET AT F T A =ML, BEEORILE
% (GPP:gC/m%day) & IPWGEHEE (i FEi%&&de) OH
ZAb & 2BMICIERE Ue (RIE 5| < BB DS MY R
(NPP : gC/m%/day)), F7=, BN—HF T I/LIARIEHE L
BAEHER LT, [EEONAR—FFRHEEZRIE Lz, #l
X, B, MR, B, OB, A (B
AHAEBRL), e, RERE, B kA, SERRIRAE
BARBE D EIE 2 R X 23T O|E L CHEME L=, &
NZNORERXIZIE, MRRT —F O
JED T2 ORI EE G, Jo i3t MR Gt
JBr G e O

Test plots —
Condition item 2.2 fER L;T::E T ‘
Plot A Plot B Plot C Plot D 221 ETLZ2AROBRE TV
P . FHEE AR ET L EAR/EIRET L
Area (m") 600 370 A part of pitch in

a stadium (9,279)

Cumulative irradiance 100 60 48

compaed to Plot A (%)

Installed timing
for turf grass

April, 2004 April, 2004

Species of turfgrass

Mowing hight (mm) 30

Feb., 2005

Kentucky bluegrass (Poa pratensis L.)

MHirh, MEREGHRET VI, EH%
FOWRRT — & LT 5 O
20 HEBEREE AT B L, ERENORER]
ORET—4, R, HIR, AR,
HE < AR - S FRONER B 3055 I H T
XDHLOIC Uiz, BEEE h ZERE J7 I
WCEXdzDRBIITHEBET NV E TR
Tkh, O EEBLOLEmDO LA/
VRG] - COz « HoO « BHEA T T w7 A
TN, @ MEEDNAERL IR =

Feb., 2006

Vegetation base
Irrigation water

Fertilizer (g m_z)

1:1 blend of decomposed granite soil and sand
Management to prevent drought

N:P:K = 30-40:20-30:35-45
Management to prevent nutrient stress

VEIERAET IV, @ BEENO T
BEET NV, @ FEHRB IO LERO T
ANFXF—NZET N, © FEHEDOREN -
HEWT I X OVEHL - ZKEET L, © MK
ETND6ODYTETIVINGIRD (W
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1D NS MDY, To TR LAREFZEE, BERE TR
EUT3DOHE CEWVWEH D, £TCO2, H0, KIRIZD
WCIEEE S Iy — & U, KRRIEHCA F- 3 5 Z%k o
7 v —Yx TV (HF) FZEA L7, K
IZRFLar #7 # o AiE [BalleT /v TidZe< [larvis
TV BERA L GENE2.2.2), KEIC, B MR-
FREP IR E OV TR T L, SRR oY T
TNAORD IR - D RRER & RO R % 4 7 G i
HTHA L GEMIZ2.23), BRI TIE, BN
EEIH Sy DOHERH TN D, EREFIRET VL, %
WA RE T M K o THE SN T ILA RPEYINPPE AN T)
L, BELRDONAL A< R, LAL BEEOERE, B
CHEARZTBICIEER Lz, AR/EBRTTFLOFT,
NPPOAR & BEADOHEEAEE S GEMIE2.2.4), MEAE
BEERELIRORMIEHEZ R LA S GEMIF2.2.5), %
LIRD AL A~ A, LAL, B LAROIFERE 2 kA I 5
EL72 (FEIE2.2.6), ZE RO/ NA A~ R IREIE AR
ETNVTEAONPPAEHET H72DICFIA L, HEER
DOAERIFRGEEIZOWTHER L7z GERlE2.2.3), 20
XL T, EnAERLEFEREEHMICVI 2L —Ta
LT ET, AREE, ELRONSAS AR, LAI
e FOERICHET 52 OEFEOFHLEE DTS
ZEMEREL o Tz,

222 KHaAVEILEVR KAILOBBEOREEL
DRI E T BRI REDO RS T DET IV
(JarvisD) ZEH L7,

gsw = Eswmax/ (Q)f (D) + Eswmin (¢Y)

T, gemlIREILT X7 XA (mol H2O/m?¥/s),

FOEf DNFTTNTNQEDDBRT, gowminlTiD AL
a v F 7 XA (mol HoO/m%s), QI & 7 W& E
(umol/m%s), DIIfilz=% -~ L C\ 5% (hPa), f(Q)&f (D)%
Lohammar FEERX N L& LN AU TOXE AW S

0+
Fy=— 3)
- D

ZZT, alIQ=00RDHHAEL, Do (hPa) (XEAZZIT%f
95 MG TasS T 2 RO A= DA & 7”7,

223 E-R-9HFTR EREREED) HED W
W BE I I RE A LT T L DY T EF L@ TIBAICED
Ml & AR (Rer: umol/m?/s) % FEE L CREET 2,
WOMRGEE LT L =7 2% HOCREICKTT 281
DI & A R IFIE 7 &P TE LTz,

Trer\ AH.(R))
Rr=Wr-ers~exp[(1—i) T |t Rer

o “)

Tref) AH (Rdec)

Rgec = (Lg+ Ly) - Rgecas - €xp [(1 T RTor

] (5)
Z 2T, RATBOFYLERE (umol/m?/s), RerlIAR DA K-
e FE (umol/m?/s), Raectd 43 fEFEIE L (wmol/m¥s),
We B L OLy, LITZENENHENEFE S T2 ORO/A A
~ A, BLOEOHERE LIBOKIERE (kg/m?), Ros&
Raccas | TFEUENE & L T25°CIT 1T D AR IR B & 43 I
W (umol/kg/s), AHWIXIEMEAL= /¥ — (J/mol), Ts
WX IR (K), Tet 1325°C (298K) "9, £72, 4H,
(Rr) & AHy (Raee) 13 IVZFUVRIER 35 L OV IR D1
ML= XA —ZR LTV D,

L IROERIPIHIE (Rer, Rer) 1%, AASHAERHE (T
BIHBTOBKHERE (Dam: day) OAEFERE THEIHONA A
< A (Wipeum+)y Wepamsn) N HRD B, ) B OFIRA
FH 9 525°CTOERMEEE (Reps, Res: pmol
COx/m¥s), A FMHEE OE ML R VX — (4H.:
J/mol) 53R BT,

2 cum AWf(])
Dcum Rypps - eXp [(1 _ h) AH (Rgf)
Wf(Dcum+1) & T. RTyef
DCle
Rge = z AWy > 0 (6)
i=1
0
DCle
,Z AWf(i) <0
i=1
Z cum AWf(l)
Dcum -R 55 €XP [( ref AH (Rgr)]
Wr(Dcum+1) & Te RTef
Dcum
Rgl” = ,Z AWr(l) >0
i=1
0
Dcum
,Z AWr(i) <0
i=1

ZIT, Wek WATEE SR OBARFGE ) O A7 R,
AW L AWn 1L i BRTOZE LR D ANA F v 2 DFEWN
(kg/m¥/day), Te & Ts 13ZER & HI3E (K), Trerl325°C (298 K),
Ryb Ryl ERRDO HFRRA L KR T — XL o Tk,
2.2.4 NPPD4EE  NPPIZREEEAKET MIZE -
T30 TR L, —HOfEE T TRE L7z, NPP
IE—HTAEEIND A A~ R (B, kg/m¥day) % /A A
VAL =R DI (f) B THE Lz, EITnkd
SNDBNA A~ A (Br, kg/m¥day) 1%, NPP230% k[r]>
TENREEL TWDHEIZEIZSE S LD NPPO
(ae) &, NPP230% TEl> THEMNFIRL TWDHRHIHEIZ
DELZIDNPPOLEER (ap) TRD7Z, RIZHELEND
NA A=A (B, kgm¥day) X (1-ap) & (1-ar) ZFEo
TRDT=, 72721, LAI (m¥m?) DLAlImaxZ 8 2 72 HFI21E
/}:T@/W F~ ANIARIZ 7B S 41, LA LAIminZ T [E] 5
TRFCIZI R TONRA, A ANEILpEINS Z L& LT,
LAIl :,t/w F~ALLMABHEH L, NPPIZAICITE
WCRIZDEL SN D728, apZiZ=4 BB OKIBDO V) %
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fifi > TR OENE X LTz, aslIZ8 L2
9, RFMIT LA SNz (Table 2),
2.2.5 ELROMNAEELHIEERE —HD

Table 2 ZEE)T A —& (FEHIELE)
Changing parameter for Cs cool-season turfgrass

7= D AAR (kg/m¥/day) 1E—BI1Y 7= 0 OAAE

Shade rate (r)

ZXBARINE (Dmow: day) TERL TR 72, LAI Parameter ~ Unit ~ Airtemp. ¢_02 02-04 04-0.6 0.6— 1.0
PLAID FIRME (LAlm, m¥m?) % EEl> T3 (Plot A) (Plot B) (PlotC) (Plot D)
H%L: 61, 1@ &)71:: n @XU@%LiLAIm]%% Zif:.'{ﬁ V o2 },Ll’l’lO]/l’l’lz/S <23°C 73.1 73.1 73.1 73.1
ThDHMIAE (rmow) (Z& > TRIE L7z, LAIA 3C 11 1 500 400
LAID FIRE (LAlm, m¥m?) % FE- TV 5 . : : : :
213, 1AlB 7= ) OAGARIE 0 & LCEE L=, I ratio 0.5 0.5 0.5 0.6
BEDNA I~ ADOFEIEEE I, ATHDHED A O+ ratio <10°C 0 0 0 0
Fw AL B =A== () ITLoTkD >10°C 0.45 0.50 0.50 0.50
To dt RIR BT OWORIERE (ROASAA~ a2 25 20 20 15
ANZEEDOFMDOWEEF U TRD D) ThHbH,
At ratio >20°C 0.011 (not used for football matches)

ZEIM OLENT, 4 A B ORIRD ) % B
STEHIL, by h—oRAFIEHTLIZET
ZFBEEA—TUEEE LT, ROAL A~ AD
FESEHEE 1T, 3E L RERICHTH ORDNA F~ 2 .
ERDE =2 F—R—F () [T TRDI,
Je b A & FERICEHEIM OBE W &2 ol R
W&o TRV T 72,

226 ZEELRBONAATX-LAI-FELBOH

LMA

0.022 (used for football matches)
<20°C oo

ratio >23°C 0.0055 (not used for football matches)

0.011 (used for football matches)
<23°C oo
kg/m2 See Fig. 2

= BEOERHE (AW, kg/m¥/day) 1ZZEIC

0.10

SEEND A T~ ZAMBIED IS F~ AR
IR (ALs, kg/m¥day) EXAEEZELFIWT 0.08
KTz, ROLERRE (AW, kgm¥day) 1T4EF
WIFIZARIZ OB S D 3 A= A BARD /XA
Z~ A DFEFEHE (AL, kg/m¥day) &7 L5]<
ZEICE TR, EONRALA R (W,

kg/m?) EIRDONA A~ A (W, kg/m?) 1 ERTH D

4
=3
=3

0.04

LMA (kg m?)

0.02

ELERONA A~ R LTEEROAEEREICL - 0.00
TRD-, FEERTE R OBEARET IV
DOFFANAEH L=, LALZATH OLAIE LAIOH
I (ALAL m%m¥day) 2L ->THESNT
WD, LAIOHNIEE IIIED L RIEE & EH
T T BIEER L~ B 1T HLMAD
VIMZEFIAS M) - TEHEAE L (Fig 2).
i LAROFGIEHE (kg/m?/day) 15 RIIMTICHE & MR I
QMénéﬂ4ﬁvx@v4%xﬁ&%&ﬁ@ﬁ%ﬁﬁ
HR Oz, TEORIERE (Lr, kg/m?) 1XA1H OEDOFRIE
2#6%® MEML A FE LS X, X DICEORIEE
ZMATRDTZ, ROFEIER (L, kg/m?) HIEDOFIEE
LEBEICLTRD T,

2.3 NTA—FADHEFE

2.3.1 BERAERETINICERTEH/A5A—4 Z
B IARTET VOFTET IV 2215 58) IZHHT
DTG A—=ZZONTIE, IO LS ICER L TREL
770 @ OV TETND/RT =2 ZONTIE, EHEER
— X T NVSEA R — AR E R E CHIE LT DR
=TT M—7 (RELY, RRELD) b &

(Month)

Fig.2 LMADOZHIZHE) (FEiLe)
Seasonal fluctuation of leaf dry mass per unit area
for four plots (Cs cool-season turfgrass)

L7z, ZEHIRE 25U TIE20064E ~20074E 12 Plot A~D %,
2 HU R 2 12OV T HUE20094E~20104E 12 Plot A, B% 417
FUE LTz, ARIEWRL & O3 RIER D /35 A — & 133 BR X1

BIDHEMEEZRKICLE (MEBY) , @ oY TET
JZONWTHE, 7, HEO EEE#ims H53emé L,
R A RE I8 S L, OB E oA 1T
ZENZENORBRX TI00M DOLE) LT — &%%w,h4
8 & 5~12/8 D1 L AR 2 T — R R B A e L
72o LAIOIEEH M OREEE, 3820 CTHIRLZED
B ELLMANGHES Lz, HHEHOFRL L ORE OFF
ML BICBET A BT HRBEIC OV TE, — %72 i

LR A Lz, E%@ﬁ%ﬁ@%ﬁﬁ&ﬂﬁﬁ CEIET D
BTHREEIZOVWTHRBRICHEEZ LT, ® oV 727
JVOBREAD )L TR EE, BT ORZRIC I B BHEL
7T w7 A (@BELY) LokEL,



RMAEATIFEITHR  No. 82 ZHRZLHIREE FICAEF T 2CER L CLEREE DL A Rd L OVER/RIBRET L

232 HEE/FEBETILONZA—4 ER/RRE
TNDIRTG A —=FIZONTIE, ELEROANAS A~wAB L
ULAL, MiAR:, IE L ROMFEREROFHIZL D) 2 L HAZ
DAFBRIX, BEHRE O2RBRXIZB N THEL, 7—4
TS 2L Tl b Lz, FRIME (E) & ENME
(E) ZHET DI1TH72 0 ¥ " FlfE (RMSD) & H
L7, RMSDIZLATFO X S ICEHE LT,

n._‘rz
RMSD = /Zﬁigﬁrfil— (8

2.4 ZRuAEOTILITY XL

MR —ER/ERET VL, v F EOKKRA
MBI DELRONAL T~ ZAOEHE 2 FHT 5720
D—RTEETFTNTHD, TIT, {EBEDRAEZ VT LR
ESIHORGT =B AL, 7V v FIZoEI Ly
F LOFE TR THOT —F LT A—F 5/, 155
NeTF—2 L ZDOMORET — & 2o CT—RKTET IV
HAEEZITV, RN als 2 & xaied L,
241 £JYw RIZBIT5B5OBRINT—4 ~
BT OTavAZBNT, &7V v NITBIT HEE
e (Sp ) BEOHELE (Sg), BEEDONETHEE
(Sppepp V), HELOER T L (Sppppg ¥ ), FH~OD
B (Sppppg ¥) PEAME L 25, 26133057 H
b CHE 2 U7c, KBBHUHE/KEE 2K B o BMINiE %
ERERLSY & BELBUIS T Tl o 7o, EEERRAY I, K&
BB ARG 7 7 v 7 2 (Wm?, KIGEE) 12
LT, ENOKXGTHRRICE T 2EZERRE KK
BN oERERRE (REAKR) , KEKE, EREIOR
BRI R DI RE2 T U RO 72, BELERDE, &K
AN DEERSEZE LW EEE LTk, E0
KM E AL DT LOBRIZVL O O3FTBORET=T L
A MEFT e, ENEFNOERHIT L AL MIDOWT,
FORMZL AL "B R TWAHIFO KR L 0%,
HEUNADOEHRDTL AV ENEDORDOTR AT —T T
v I AEFER Lz, ZO@ET, #ET L A2 MO
HONMAEABLY, RETL AL NOERICHT 54T
VAV NELMEBSEROAELZEBE Lz, £ 8D
DEDORENIETNTH D & Lz, HOSEEITEE
HEZTBEICBIT DRSOV 2B ETE L, E L
BYREOT N RORBHREREZ= 7T — 0
A B RRBRT0.15, 2 T025THY, 2BXKHFHEVE
WOHFOFEGIIBD ThENWEZEZLNZTEDTH S,

Half closed Closed

Fig.3 BHPARA Z U7 2D EIR OB

Roof states of the retractable dome stadium

KA & BROBBICOWTHEE LT (Fig. 3), Bif
ORFRBIZER OB MRS E AN LT,

242 BTVYFOEMEIZKDINTA—F DRSS
HENRIZE > THIT BNTZ/NT A —F % Table 28 L)
Fig. 2127, ZNEND/NT A—4 %, 0-0.2, 0.21-0.4,
0.41-0.6, 0.61-1.0 DAEEPEDWENRTY T 23T L, &%
INTGA—=BEEE T T AOTRIEE EEREOFE O
KOME LT, TOMOMITERMM L T 27, #t
Ry, NTA—FEEFE LT, WEXEER L,

3. R

31 EENSA—HFICEBZETIORE

20064F7> 520074 D22FERIZ 720, B E AT T L
LAEREFEIBRET LB - TEMAE OHF 21T~ 12,
Fig. 4i%, GPP (gC/m¥day: YA RKE, GPPHHEE LR
DOIFR B % B[\ =D ANPP), NPP, 3 « iR « /iR DI
F %, Table 11Z7R3Plot A~D & —3 L 72 R O4BR
W27 T 23T L, TRILTGRERE R LD TH S, Fig.
5~ [ U < 4BERE© P HIME & SERME 2 ik L7 6 T,
HLIBONA A~ A, LAL AR, BROBEARER,
ELROREEIZONTHRT, FEAEDRTA—H (X
—OOFEIZEE L72AY,  Vemaxas(umol/m?'s: 25°C T D fx
KREEFEILEE) L NPPEHREICOWTITEEB &
OWENFT, L ROBEERRIZ OV TIEFEHIORA OfF
FRBLCTENENAE) S W72, LMAIZZEISM 0 L)
S, 1 (ratio: SEFIFZNER), ALARIFRIZ DWW CIEES
O RIEE ST (Table 2), ZBEI T A—F &5 Z
LT, EONRS F A, RONA F< A, LAL AAE,
ROBHAER, ELROMEEORMSDIE, ThEh
0.034, 0.195, 0.748, 0.032, 0.098, 0.112&72 0, B ik
REBFDHENTE I (FFEPME DM RMEIE, 0.340,
2.220, 6274, 0.173, 0.401, 0.608), BEHIALE >N
1%, EOME THZITIT 2 2 LSRRV, JEH
U & RRRIC T & FEAE 2 Lo L 7o /E R, RMSD23
ZFHZEH0.043, 0.130, 0.707, 0.047, 0.067, 0.145L 72~
7= (4 FEHME DMt KA1, 0.261, 1.065, 5.013, 0.354,
0.304, 0.925),

3.2 GPP, NPP, & & UIEIR
2EDOHBIIRNIZ 7= > TFHI L 7=Plot A~DIZEIT 5
FHRLE OGPP, NPP, 35 X ORI E E O ZFEi A 6 % Fig.
412783, GPPENPPIZ4A ~TH D KX 72— 7 LRI/
ST — T N D IWEMEOFHIEB N R S, GPPE
NPPIICEREE N i b B WK TE < A2 o 72, B BV Plot D
D20064F DFEHENPP I, KME FICI T 5KV GPP &
200642 A ITHE R DALTZ RE RO AL F~v R L - T
MEGHEE S e W~ A TR L Teode, ZE - MR - D
MR SR, WIE, Bl hEhe—7s R’bot-, B
DOIER BEOBENMTIEDNA A~ ADEME—FH L=, £
7o, AR EDFEOMEROBINMIMEICHEE S T, £



RMAEATIFEITHR  No. 82 ZHRZLHIREE FICAEF T 2CER L CLEREE DL A Rd L OVER/RIBRET L

TOMEKET, SV XOHIRIZR 2K A WX
TREL 2Tz,

3.3 EELRONAMATX

FEHALE DBE L AR D S A A~ ZZOW T, 2FE DR
M7= > TF#I L7=Plot A~DDZEEIZH) A Fig. 510K
9, Plot A~CTlX, FELIRD /A A~ 2Dl HNEITK
<720, 3AMBSAICEIE L TSHIZEY—7 Lt 7o,
HORIKT LT, KICHW®DT MNZEIE L7z, Plot D
TITIR DO ANA A~ 2D 22K T A32006- 12 A 54T
20074E D% E TheV 2, ZHUE, 20064E2 A 12k & 7248
ZREOMLWEERMZ 720 Th b, EEIRONA 4~
A BHADLVHBE TREL RoTe, @NA A~ AL
STDMOLEL, KLHAIVRBRRX TRKEL Lot
FHISNFEEERONAL A~ ADfHIE, HHHDL VKT
TWEMEDZEEIZEE), Plot DTIRO /A A~ 2 ORZW K
T, bHADLWKTREL 257 ERAEOFE LS &
FH LTz, Plot BEPlot CTIE, THIL7ZROD/SA F
~ ANEHE L D b PFhick& < Aeot,

3.4 TwEVY
TRITCOBALETEY 72 0 OIE L AR DA A~ R & FEHh
BUEIZDOWTC007THEDREGET — ¥ % HICBEE A RTT
B X OWER/FRET VTR LR 2 Fig. 9B X
Fig. 10IZ7~" ¥, ABANEKOLRT, BWT A Ta—n

— 77— 2500
—— GPP

(a) Plot A,
- —— NPP g

2000
51 1 1500
0 1000

S5 500

10 (I T N S R R S R T R T
5 T T T T T T T

]
T T 2500
o Plot B

2000
5F -1 1500

o 1000

o
3
S

FEEGPP, NPP

ol
10 T T T R S N N N
15 T T T T T T T

, () Plot C

0
2500

GPP, NPP
(9C m? day)

-1 2000

51 1500
0 1000

S5 500

0
2500

(@ PlotD

-1 2000

1500
"= 1000

500

1
2007

cumulative GPP, NPP

(gC m?)

FIRE G R,

NoDOHEE (m) THbd, (v I—ovryF EOHME
HBEEE Mjm?) % ook Lz b D %Fig 81T, )
Plot CiZ &y FOHRIZALE L, Plot DIZAEDH A KT A
VOFRRINETH, YIalb—va i, 1HIBOY
v FDEMNLAL : 2.5 m¥m?, RO/NA F~ A 0.5 kg/m?
ELT—ERARAEBREND A — h &8, FNEND
ADISEOREZRLTWS, BELRDNA F~ RIS
AR EEORMB A S, 6 AIZIET L, K\ PlotD
THEEOFIREZ Lz, WX &K OEWIFER
Bz ONTHLN LR o T, 6 BIZBE SN N1 A=
ADIKTIX8HIZIEIE Len o7, ZHFEEIE & iRo B
FAC & AP ORI K T -7 (Fig. 4e-h), 107 L
BRI A2 b b 5 (Fig. 8), /3 A~ Al
FFMER STV, ZhiE, [IREHIBEOK TIZL -
THRENMET L2 Th o7,

4, EE

FEHALE DIE L IRD A A~ ZAOERMEIZIE, DN
R X CIEEOFHEGH N R S, Kb VREBRKX
DEVEZ R TIE, FELOETT ML D FHEIZET
ORBRX 2T LT\ (Fig. 5), FEERDONA 4~
ATRLND, KEZREFEOHEMEEOFRIILERRICK
FLTWe, AR EFEIREZRET DG & PRI
WAL VD WEIT Tl & b R&EL Ieo7c (Fig. 4). W

() PlotA

— Root
Decomposition

51E)

Respiration (leaf, root, dec.)
(9C m* day™)

oLy
1
2006

1
2007

Fig. 4 BEEAORET L EAR/RET /L TTHI L7ZPlot A~DDGPP, NPPIR K OV « 1R « iR OIFIE B O4EZ5 8 (FEMRLE)
Estimated results for Cs cool-season turfgrass using the multilayer model for gas exchange and the vegetation decline/growth model.
Gross primary production (GPP), net primary production (NPP), and cumulative GPP and NPP are shown for (a) plot A — (d) plot D. Root
respiration, decomposition respiration, leaf respiration, and growth respiration are shown for (e) plot A — (h) plot D.
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Estimated results for Cs cool-season turfgrass using the multilayer model for gas exchange and the vegetation decline/growth model
(solid lines indicate estimated data, plots represent observed data). Leaf biomass values are shown for (a) plot A — (d) plot D. Root
biomass values are shown for (e) plot A — (h) plot D.
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Estimated results for Cs cool-season turfgrass using the multilayer model for gas exchange and the vegetation decline/growth model
(solid lines indicate estimated data, plots represent observed data). Leaf area index (LAI) values are shown for (a) plot A — (d) plot D.
Cumulative mowing values are shown for (e) plot A — (h) plot D.
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Estimated results for Cs cool-season turfgrass using the multilayer model for gas exchange and the vegetation decline/growth model

(solid lines indicate estimated data, plots represent observed data). Cumulative root growth values are shown for (a) plot A —

(d) plot D. Root and leaf litter values are shown for (e) plot A — plot D.
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Two-dimensional distribution of monthly cumulative solar radiation on a soccer field in January—December, 2007 (MJ m™).
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Fig. 9 20071 ~1R2AOY v =Dy FIZBIFBHED A F~v 2 (kgm?) OV = b—3 3 UFER (FEALE)
Two-dimensional distribution of leaf biomass for Cs cool-season turfgrass on a soccer field in January—December, 2007 (kg/m?).
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Fig. 10 20074F1~12H ¥ v I —D >~ FIZH51F HRoot biomass (kg/m?) DI = L— 3 UFER (FEHIELY)
Two-dimensional distribution of root biomass for C3 cool-season turfgrass on a soccer field in January—December, 2007 (kg/m?).
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