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FET 75 R (Pennisetum purpurewm Schumach)
WBEET 7 ) 4 RREME TR A ARISELHE
MTHD, ENEEIBELD THOWCHKED—D
ELTHIsnTWw3 (Little ef al., 1959 ; Watkins,
1951 ; Vicente et al, 1959), HBE BT, B
FO—EERELLT, Hr0iE, BLAREHTES
EEREL LTEBESNTED, BVEYMEERET%
BT EBHEINT VWS (B - 75K, 1988a ;
fREES, 1988b . fREES, 1990 ; b+t o, 1982 ; #AH
5, 1991 ; B4, 1980 ; &1L 5, 1976),

MHES (1991) &, B, AREMEE SNEEDO—
DTHB M VEUI VI OWTEMEEDEN 21T-
TBY, AT/ ANEEERELETEREL
T, FEEIEHEY TH 2 05HFEICH T 2 BBEXR
ERECD, BEL SHBKE TRPIMREER 2
3 ZELARETH D, £EHE2E L CEEBEL
AU 52 &, 7, EEBEEK (LAD OENc
Ebxo THEFAE K) METL, BEOZHES
VREFTHLIERERET TS, F - WX
(1988¢c) X ZhiZilz, AET 77 RAOKEREE X
MOCHEY LB THEL, £, ERZELLZI N
EREBEOETH/NELI E2BRHL T3,

B4 E IR, EEM, ZAEE B L AL
DO IBRTHRESIND, HiIZ, BEELEVRET

77 ATRHBENDOEBRET CONERBESHESE
BRBWIHEERERE2EDLVOEEZ SIS, A
BT, EENEPRETLIERERELTINE TR
BRET & W T & - EEREHR (LAD PBRAHK (K)
N CTEEOX - HERBROKBETECEHL,
RNV ED Y KT ZHT, AET IS 7RO
BUAERIZ DLW TREN BB L2EMAT:.
MR Bk

HEZRACT 7R (BREAVTOY), FUE
vy (MERE TV FF21214) 2HWw,
AET 77 ADER1990E5 23 HC 1HR1ELL
THESCEZF ., BEES (F) JELHL D 58
L7:bDTHD, 1ZOBFERIIS, 60D %R
AR, buEBIaYE, FOEBY=-—AALFLE
EBc5 A28 B 3MAEL, T2BHES4EC
#EL7:6A16 HcHE5 & 21T, ZORIZ1IHKIAR
ELTEELL:, REEER, AET7 I AT 7,40
¥E/10a, €D I T 10,400 #/10a TH o 7=,
MR L b EEE U CEREN % 800kg/10a, & 512
N % 20kg/10a, P:Os8 & UK,0 % # L 1L 10kg/
aAL7, 72, AT 75 ADOwTE, N,
POs8 & UK0 % Z L4 20kg/10a $ 288 (7 H
14H) L7, MEOREESIC IEMICH#EKF 2 —
TERBEL, BHHOERRCILEIIGC U THEKET
fe. k72, BRE, RAEHREEET .

—163—



164 % H M 5

AR L b, M EEREWE, EER, tREOMENE
ErnrieonwT6H 16 BCHAERHKBL, 2877
Z 2T DWW 20~30 AR 9 B 12 HE TE5[H,
Fr, PYETIZEZOWTIE 10~20 HERTE 6
EoFEE, BERTo N, EUWEOHECEL T,
WYtk I A ES, X, WK, b vEwmay
I DOWT IS &I HEFE & R, 80°C, MmESH
THARELCHE L, £, EMEY ) O¥EER
(1,000cm® 12E) 2HEL THEREL*EHL, £0
ErEBCHEOSEERE2RD ., HELOREL
HETHEREHOBRE:2 7Y Y VEES (M3,
Topcon &) THIEL, W& DOHFEFEENBYEE
L7,

B LB REMEEE=0%EN) KUTER
(FETTS5R, —6~—4Ef, bvETRIY,
— 7 ~— 5 %A OBETCBIT2HEREE £ HERFE
KERAECEER EEE (SPB-H3, ADC ##, &
E) #AVWCHELL, BIEHER MY ETaZD0
CW7HI5H, ¥/, AETFISIRECOVWTIRTAH
20HTHo7, 7, HIEEOEE % SPAD (3 /
VIR X o THIEL, BNOERRSE L ILER
v aBEOEEE L,

TEOK—HEREFE LR (DI > TEYL, K
(2)T®&L 7 (Chalker, 1980 ; 1981),

2 xax I =1n ((Pmax+P)/(Pmax—P)) (1)

P=PmaxXtanh (ax 1) (2)

mMRICBVT, PRAGEREE, 1 FLEE,
Pmax 2B ANEHEE, a3 (1) 0EHEERFRH
THb., %77, a £ Pmax O (a * Pmax) iZHifR
OFFRDILE LMD 21T,

mREEE

FET IR ERIAYOEEYE WE2FT
%20~30 AH), £ABHH G0~60 HEH) B L U4&
BHE (10~80 HE) wBJrEAHEREE (CG
R), #iFE X (NAR) B X UVEmBREHELK (LAD %
F1RICRL, MEMS L UCETHETHREL ., &
WX b7 e oY T 10,400 ¥k/10a, A ET 77
ATT7440%/10a TH Y, BEITRELIV L aEESR
HTHolz, TOE D LEERGFCBVLTHER, &
YIEERICBEARED 2 WIZRAEICECREN 2 RET
b L¥MrEhG,

BT A —5 OEEBFHM B 2 FIEE LK S
2r, NARIEAET 7R (7.7gmtday™) I HE
LTrwxEwoay (8.0gm?day™?) b I»ZE»-o

Table 1. Growth parameters of maize and napier
grass at the early growth stage (EGS),
middle growth stage (MGS) and late
growth stage (LGS).

Variety O™°"IN€  cGR NAR  LAI

stage
EGS 9.2 13.1 0.7
MGS 58.8 6.4 9.2
Maize LGS 375 4.6 8.1
AVG. 35.2 8.0 6.0
EGS 148 12.3 1.2
Naoier  MGS 29.0 5.0 5.8
P LGS 71.0 5.9 12.1
grass B _ _
AVG. 38.3 7.7 6.4

CGR, crop growth rate (gm~?day™) ; NAR, net
assimilation rate (gm=?day™) ; LAIL leaf area
index. EGS, 20-30 days after planting ; MGS,
50-60 days after planting ; LGS, 70-80 days after
planting.
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Fig. 1. Relationships between leaf area index
(LAD), and crop growth rate (CGR) and
net assimilation rate (NAR) in napier
grass and maize.
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2. LAlRBRCAET SR (64) OFB 7 EDT
Iy (6.0) XD bFEroLD, MEOEZDLTHLT
Ho7-, NAR & LAl Lt TR 513 CGR i3,
WEBTEIZABOME (AE7 275 R, 383gm2da
viidvEway, 352gmidayl) THo.

wiz, BEBHOER NS A —% PHETHEL -,
EFEVHHO NAR W, b vEoay (13.1gm2day™?)
DFEBZFET 7 Z A (123gm?Pday™) &Y 4 EFS
Holzd, WEOEX LI »THo7, CGR, LAI
BAE7 752 (148gm2day e 1.2) OFBEL,
FRNENIVET IO L6, HLTEDETH-
oo SRIEBAET I AT 28I OEHICE
LM 27:0TH5 (BBES, 1991),

AFHRHIZ v ey OB 20, NAR
(6.4gm~?day™) HEBEICLEL T 1/2 LT
TULA, CGR (58.8gm~day™') & LAI (9.2) ik
FERICES 2, EEMYCLLEL T CGR TH 6.4
%, LAITH 13 EOECELR:, ZhieL TRy
TSI ADEERNT A= FuTFRLEL, by E
T2y DEXL T CGR, NAR 8 X ) LAl i3, #
NENKI50%, FI80%BRUHI60%DIETH > 72,
HS (1991) &, ZORAET 7 5 AHE T,
S ODOBECHEI ERRIFEET 2 L &b ICENATF
Fiae & BE AN D EHM SR, HEEE L
DEBLELENEILZEE2EHLTWVLS, PYED
AV TRBTODOREN WD, ZORHIIEWT
YHEBELRE (BT 2232w, A0
EREEDINT A= ORBFHLEICRESBEL
bnrEzZoN5,

EBFHRETIR, VROV EBRIER A0,
BNTA—SBEBTTHCHEBELTELLETL,
CGR & 37.5gm™day™!, NAR i3 4.6gm?day”!, &
SULAI 8l x>/, ZThizNL T2
BOUTHHBER FTRBERER I 2 AT FATHE,
NAR (59gm7?day™) BAEBRWLY EL, 17,
CGR (71.0gm?day™) & LAI (12.1) O®EM=KF X
SREL ko,

BRACGRIZ, ty oz TiREETHHID 5888
mPday’!, ELAET IR TREBERBO 711.0g
miday 1 ThHor, INODOEIFINE T—RICH
EINTVRELID L EL 728, ZHEHEE 18
TOBMEEEL VD LEBERGF TR I D EE
Zohd (F#ES, 1989 ; &M - fMH, 198la).

ML b LAISRAME (bv'oay, 921 3¢
TR, 121) L 2EBERICRA CGR AR &

NTEY, CGR I LAl W EET L 2 L2 5 b
Lo,

BIRTHLLEFHHE (MEELLR-—-HEKD 80
HRM) s 3¥y CGR 3N TIZIZERICETH -
2. PUERIVEIIITEESELETIOINLT,
FETIIATIEEWCGR 2#F L RETZ DB
LEF LM T 57:0, BROLBEOEYEI XD
HTRERBEER S,

Wiz, B1KixmED LALIcY 2 CGR B &
UNAR OZ(b%RL, £EXHCRIZTEREOFEE
R L7, NARBAET7 75 ARME LT Y %
vy TEHSHEBLLD, WEL L LAIOMINE &
LICEMBACET L7z, LAl & NAR o B % [F
L, R%E\*©,

foEOIY

NAR=8.925—-0.844 x LAI (3)
AET IR

NAR=6.827—-0.290 X LAI (4)

mix%E b L, LAl £ CGR L oBffiakA & T
ZEDTE B,

My EODIY

CGR=(8.925—0.844 x LAI) X LAI (5)
AET T IR,

CGR= (6.827—0.290 x LAI) X LAI (6)

LAI & NAR pEHBEFRCHNIE, CGR & LAI &
ORFRSZIRHERE 2 5720, BELAI 2K 3 2
£ T &2 (Brown and Blaster, 1968), + 7 &1
3@ CGR iF LAI OB & & b i Z IR BRI I
L, LAI #3528 (A CGR, 23.58gm™day™!) T
R BIBETS 2Rz, AET S5 AD
CGRZ, trEmav @R, LAICEHRVLIK
HERR B L 72, & LAL i3 11.77 (&K CGR,
40.18gm day™) L FUEDISRHEKRLTIELLE
{7g-7:, BH-fE (1981b) Bh Y Ewa vy D&
B LAl 2 AOFETEEL, 5.8 L wHEERETL
5, ¥/, AT IAORBE LAl ICDOWTIZ, #
BES (1988a) MWHERTH 8, =i (1980) »iiET
HI0 &R ol 2L EREL TS, TASIEES
BEHLLELDSBEWETHSH, FRTix 12 M
FiemsbwiHELDHY (FHES, 1989), WL
LEMEOEIZLERIDTHLEEZOND,

BELCHEMAEMA TR, AET ST RAOEMEYE
EENSha BOHF MV RARRIENPHE IR T
% (Little et al., 1959 ; Watkins, 1951 ; Vicente et
al., 1959), £BFHHPKRL, ZOMES O BE? S



166 % W f1 £ 5

80 .
Napier grass

60 [

(%)

Ratio

PR |

120

Maize

Ratio (%)
3

1 PR |

0 A 1 £
0 20 40 60 80 100 120

Days after planting

Fig. 2. Time course of dry matter partitoning
ratios of each part to total plant in
napier grass and maize.

O, leaf ; [, stem ; A, dead parts ; @, ear ;
M, tassel ; ¥, heading time

%, LAIBEBHE 2B LTHENNLETSZAET
S5 ADRE LAl BBD THWZ LiF, BHF#AC
BLIbFEEOEWEEE 28I ERS¥BZ L
BEBETHL L2 FRISRS, —F, bUEOaY
BT H% 50 BRiBCHEL, EFOEMMEL
T37:%, LAI b ZORSETHEMEEIEL 2,
HEOEBAT—YOR/REEY Y7 « V- ADKIF
DBHEABIENTED, F2RCL2EMECNT 25
SR ELOREHEERL T,
byeoayDBEFSERBEFT L LB 0%»5
13%  TIRIZEBOETRT L, 2T 77 A0ES
BEHREBVHICRS T >OREICLE LR > T50%
25 65% % TRERITHEIL 7288, F 0K 20% %
TEPHIETLE, Ric, rvEowavDEELY
B2 - HEECES £ TIZ30% 5 5 57T% ML 72
HEEREE R OBM (2%2 5 36%~EM &b
2% BY LIz, —H, AETITITATR, EELS
EEHMEEEBLT0%0S 63% L THEML .
EEMEIE, PYyEOILTR, EFHEEZEBLT
6 BUTTCHLBAET T IATEH I VERIVC

H&L TEHERL, BoEBEAs8RET 24T
Y, BCHMBIERRC L - THT OBHET 2 4EHR
HieEmwEL o7z,

HEHOBEY —AL L, KEREDLERT 245
By 2 ETRYrr oY —ABEHREEIL, &£F
D o I » I T, EEE b Y - FES, v
YIREBIURBEHETHLLEZONS, PUE
oy TS, EREELROMINcE bk TEE
HAET L8, ThidEd, s DHREBUEOE
BERICL2b0THS, bryEoa v TREREBY Y
IIEIOHERICBITIAbDEEZONS,

—F, AET T I ATERBERVE DEN
Y2 LTOMEEERFLET 2 bDLEZONS,
¥, AETITIATRECESSERT S 2 LK
BEENFERCEHI LR EDS, EHLEERLY Y
VEETHDIERRTIENTES, O, 3t
FISIATHY —R & ¥ 7 BSEYEERICHRN S
MRAEHFL TED, EENEMOE2FEREZS S
DrEZONS,

5% 3 M EOBRAARE (K) ORBIZEILERL
fo. BEFRE (K) BEEOZEBBRERTERELL
THW SR, —REINTEI/NES W BZLRESL BT
ThdLIh3,

FyEwavOBREFRE (K) 25 BEE TH 0.8
T—ETH-lh, HEATICAHC 045 X TETL,
FOBRZB\LLIIEIML ., HEROBRXEFRE (K)
OEINE, BRI BV TESHELLESOENA
BHETT2 I LB X3 ERREICLEHDE
EZzoh3, TAEIHNLTAET 75 A DBAEHREK
(K) 3ETIHTIRH05THY, bvyEwavk
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Fig. 3. Change in light extinction coefficient (K)
with growth in napier grass and maize.
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ZIZE Lo, ZORIBOLIIHS FTET
L—FE%olz, 2O ERAETTIATE, LAI
DEKRIZE b %> CTHERNBAOKEEEL ML LT
WhHIEEEWRT S,

WARE (K) BETT2ERBELAIXNEL %3
ZERHISNTWw3 (Brown and Blaster, 1968)
B, ZAETITITALZDOTHARLERITADSNS,
TORREER, BB LAIZRBEICD: > THE
THIELEERVEMEEMENEDLD TEIRS,

AET 77 ABENONREPRIFTHD I L2
S LTS, WICHEEEMICERT 2 BELEEFIA S
ZEEONEGHERN T 5, MEEL SPHEILED
B THEEINTEY, HEAN, HEERTOEED
KERFHEOHESBORYEECRIZTHEVKE
WHNEEZONDG, B4R MY EOa Yy RUAYE
777 AD R (B EAREE) RUTHE (-7
~— AR OX-KHERHRE R, BB, W
DREEDKE % LU L FUETCHKT 2L, by
EFEOayTEFNFN 464, 50.3, FET T FAT5H3.7,
509 ThHY, LD FHERRELREL TV,

Y ET I YO RTINS R E X ERE O
WE b o TEEMCEEML, JXEE 2,000 x molm™
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Fig. 4. Light-photosynthetic responses in napier

grass and maize leaves.

sTT 476 umolm2s I TH o7z, TRED KA EE
FEAFECHE LESHERL, B, BEEesuT
EHNEARL .

AET T FAQLMEOKSREER, FvETI
VIFARR, NEREOBINC & bk > CERWICEML
B, brOaYELIDLETESHEBL, XHHME
2,000 umolm™s~!Tix 55.3 umolm? s TH o, T
MEDONEREE L, XTI BB L TR
R L 72D, BB ciIEL, SABEL -7,

FUETAIVERET T AON - HERERER
(1), (2)TEBLTH(7)~(10) 25/,

byEODaYy ; BA73E,

P=78.73Xtanh (3.50x107*X I) (7)
; Tz,

P=28.34Xtanh (8.27x107X I) (8)

AET IS5 EUE,

P=105.22xtanh (2.92x107*x ) (9)
y THIZE,

P=28.18 xtanh (12.66X107*X I) (10)

Ludlow and Wilson (1971) &4 v bEEEL /2L
DYEM DN — AR HER 2 AR IR L, ZD %k
THRET 7 ARERBICE DL IHREREEDKTRE
EBNRFHEVETH - L BRMEL TV, %72,
Rk - fAk (1988c) HbBHEANTEBT I ES & X
REFABOBEREB LD, ZOZERAET IR
BEEIHEREELRCERFLEZ ZL2ERT 2,
EHRICBITIHEBOTHELLE T2 &, LG
BREEBIZOWTIRIZEAEER R W, —HAE
REREOVTHADII S EA3D 2”7 a » Pmax fHix b

12¢ —— Napier
grass
----Maize
101
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Fig. 5. Ratios of lower leaf photosynthesis (L)
to upper leaf photosynthesis (U) in
napier grass and maize.
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Toay (0.0234) KHEELTALYT 77X (0.0357)
BEL, AET 77 ATREDNRERONFAREL
BWIEBHSrER ST,

DI LESBTHLMI T HDE 5 Kic kLAE
EOXEREE (U) e+ 23 THNEOXEGREE
(L) okE (L/U) oxX@EBEc e bia3%LE Y
EOAVERET I AEOBTEHEL 2.

1,300 gmolmZ s 1 A E s Iz BT, TAIHE
OXEREEIHETIZIZEL L, LUED, HER
HEZMNVEQIVOANAET 77 XHEL TE
Wwicw, LIURMNYE0 aY OADPELS R2ERE
oledd, 1,300 umolm? s AT TR AE T 77 A
DOFEWEL, FOERIIEHBICR2IEEEEST2,
Fh, PYEQIYTREDHBEEIIBWT S 1.0 YU
TT#HRBLEY, 2T 275 A TR 600 xmolm™
SITLOXOKREL Y, THEN LMEDKEK
HEEEES, IOZLFFYEOISITHKLT
FET VI ARFEICHEICEN, BENOFTAETT
DOXFBESEE 2 L E2TRET 5,

INETHERTE LI, AET T TRE, EW
SEOFELXRBERTH 2 EEK, BTHEHB LV
HEOKESREFED & A TENEERNETRTHEY
THBHIEMNERSNT, FEERELDTEHELDE
HTHEREINILOHEEOERBEOHEMbAKE LD
LEZLENE, FOLHEEAIRLKITOBE R L
KRERE OBETHER, EHWEELRTT LI 88
BELREE RS,

4
b

REMNSELAEYTH L2 2ET 77 X (Pen-
nisetum purpurewm Schmach) HEOBNEEE %
Bohicd b0, BB, £RNNT X -5, HEER
KEH (K) BLUEEOHSHFRHICIOVT, F8
ArvEaasy (Zea mays L) Bk & BT 72,
ZHE, BEEFETERE L CEERSVWEYEENE
mL, FET77 7 ADKRKCGR & 71.1gm%day™ &
ZL7.

FET I ADEBEENIVDBCERELITIGANS,

1) EEMOKRKEET T, 2EFHEARLBL
TREBEREZHFEILROLAIZEBO TELS KD, &
BHRPIO®E LALIZ 1177 L 2o, TR (K)
BrrEoav ko bEL, LPbEREEBIZZED
EREY LI, ThoD Il EiR&D, 28777 A,
EEHHAZEL COURBEVBRFLHEBSEERT 2
ZENHREL D, RUEENERLI VD EEZLS

niz,

2) AETIIALMEONEREREE, FVEU
IVCHBRLTE L, FEERO—D L E> T,
BHIAET V7 AEERFHECECEN, TUE
DOFHABTOXERDOAFIHRIKRE S, HELE
BREOEIMCERL Twa BRI NT:,
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Summary

In order to clarify the mechanism of high dry matter production in napier grass (Pennisetum
purpurenm Schmach), a tall-grass-type plant with perennial growth, the dry matter weight of plant,
growth parameters, light extinction coefficient (K) of canopy and photosynthetic characteristics of
single leaf were investigated and compared with those of maize plant (Zez mays L.). Both species
were grown under the high planting density and sufficiently fertilized field conditions. Their dry
matter production was very high, and the highest CGR (Crop Growth Rate) reached 71.1gm™da
y! in napier grass. The causes that napier grass had a high productivity are presented as follows
: 1) Under the climatic condition of Fukuoka (33.36 NL, 130.23 EL), LAI of this species during the
growth period was 6.4 on the average and the optimum LAI reached 11.77 at the late growth stage
70 to 80 days after transplanting. The light extinction coefficient (K) of napier grass was lower
than that of maize, also having a decreasing trend with growth. A joint effect of long period growth,
high LAI and the good penetration of light into the canopy is regarded as the main cause for the high
productivity of napier grass. 2) In addition to this, photosynthetic rate of leaves positioned in upper
layers in the canopy was higher in napier grass than maize ; this becomes a cause of high production
of napier grass. The leaf of napier grass was more adaptable to shadings, so that the light utilization
efficiency of photosynthesis increased in leaves grown in lower layers of the canopy. This is also a
contributing factor for increment of canopy photosynthesis in napier grass.



