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6 EEDAXTHRBEAROBBEILONWT, BEIHLVOENDERZEGEFHEORI LE
BAICHAR. UEEOEZEEIIMHYABE L EOHBICH ), #EI/TEL L 51T
EETLZ Lo L, 1EEULETCIBEIEC R THETEY, SOICERIGE
ATHETLEPo7. COZEPLATHEIIBNT, 1FEULOEEEEIT—
FHE LTREERL Z LV ELrOONS. 1 EEULOBESEIEILL 2VEE
WKREEBCOXKBES BN LY, BEIFLVEIERL TV Z LD 2 AiE
Ao, BIEBICELTE, 1EFEULOEESEILEEOREILELEE
EEINEVNEERLCEDDS, FLVEADEEORBIEL LRI TnEE
Zz o0,
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HYOREFEETIRELERO—2IZ, BIZEFETNEEFEHH S (Chapin, 1980).
MG FHAERIBHRRIEFT TLTHEGFICL > THHEINLIDOT, HMPOREIZEEN
BRI CHBEINDIZIE, BIENTEDICORINLLENDH S (Mooney and Gulmon,
1979).
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(Solidago altissima) % BV 72 EBR T, BEOXRABREREEZENLBIZLINEZ(SEINS
LT, WEIDREINIHE LR TRAT0%UERE 2D 2L 2R,

F0%, BEACBWIEZRIXABECEEINTHEINTE), MEEHEELR
(Hirose et al., 1988 ; Schieving et al., 1992 ; Sadras et al., 1993), & %\ i3, BXHRE
(Anten et al., 1995) DK ELZBFIIEEBLO TRIZPIT TOEZREENEKTIRIV
L. &5, AEELEORREELOMEFKRIZERATEUINSL Z EPHLMIZEI N
(Dejong and Doyle, 1985 ; Dejong et al., 1989 ; Hollinger, 1996). L#A*L, Zh L ORI
ERARCHEM TITON 00 E L, BV TEES MY 2RELTWA,

FEBIIBLTREZIERIIDEZEINTHOML TV D, HRIEXREERIEROE
ATPEILIRTE 545, ¥ E 7' <Y (Pinus cembra) Tl 1 FETKE{ETL, £l
BB T L2 Z & 25 LTV % (Nebel and Matile, 1992). 7z, Abies amabilis
(Brooks et al., 1996)%° ™ v ¥ :K— )<V (Pinus contorta) (Schoettle and Smith, 1999) TiZ,
TEEDECBWTOERFERNREE L EOHBEIIH L Z LATRER TS,

BELE, AFXAIKRORBETABREELXHET 57012, BENOEZRSTMEET NV
LT BMIEEIToTVAEUMED, 1999). ZHETONET, AXOREOEZREEIIHE
NOKBEICEEENTHHALTVD I EEHLMILZUMES, 1993 ;1994 5 2000).
LPL, TASIZET—REERICEET HSUERIIODVTHARLDDOTH Y, EHOE
EIIHOLM TRV, KAR1964)1E, AFTRIEZULOEREEIBEOEEBMULE
WHOIELoTHHENEALL LW L2 HE LD, MEFAIMBICRS7:5%w. £2T
AMETIE, AXOEDEBEEGELELEMNBLIUCERLOMBREHL,PIITE1201Z,
—DORBIENICEEER L IEFERBHE % fF SR OREAR OB EANE R 0M & FH7.

2. MBEEFTH&E

BERIEAREM IS EROWMICHE I N TV 6 EEAF (R ¥y 7 1 V) EHSMKS
DL, BEICAETTAIHBAL L BEEAZ. ZOKRSIIHEMES0.8m (KKH
FE : 16,0004 /ha) T374T X 405D F R ICHEFE S Tz, A DOEHIZ3.7Tm T, £
TEIZ0.7m, £ TEREIES.6emTH o7z, HEKIT, BHEZHRSEICHE L 72ARNEE
ERSONENCTE L RIS ST, FREROBEZTERS 50.5mERTRS L,
ERXDPOMEDEAL KT 4 KT OBAL., BE SN —RELHDERE #1992
F£11ANHICHEL:. LBRBEEXOL L TABL VX ZHVWTEERHKD, Bohk
{5 5 Yahata(1991) D 5 THIXM HRE # #EE Lo, HlERk, MAKZHEL VEEL,
Bl — KRBTz, —REUIEE AL TREL, BEERNCHT. RLEROEA
PEEIIEETH-7. BRI CTI3HLETRIE%, EXrHELL. EFE8E
RREABPELZBUICOWTHIE L, ERNCABEO—HxA%KTTIIORL, 1
mmDAFLEEZEL /2 D% CNIT — 5 — (MT-5008!, #ARKERT) CHIEL /2.
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HAROERLRNIR L. SHEOREZERIICEL &, HABE TIILFREL
1EENE L, FREFIBTEDIN% 2 D7, HWEBE TIILEENE L, BEDH% %
HH7:.

BIRENIC BT A BREDS A % TUIR Lz, M REE IS EIEL 25 138K
TL, BEEEROERL ST IRABETIZITITRTLE. —F, REBETOET

®1 #EAKOEE

Table 1 Amount of foliage of the sample tree.

Current 1-year-old 2-year-old 3-year-old Total
Closfggc)rown 037 (335) 034 312) 021 188)  0.18 (165) 1.10

Ope&go“m 077 (41.3) 050 (269) 027 (146)  0.32 (17.3) 1.86

Numbers in the parenthesis indicate percentage of foliage in each crown.
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Relative light intensity
Fig. 1 Vertical distribution of relative light intensity in Cryptomeria japonica

crown. Means and standard deviations (n = 4) are shown.
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ok hhEL, RLEVETI.3, RTRBTIX0.6TH-o 7z,

BENICBII2EDEREEDHAEEAIR L. YEEOEREEEL, KAMET
EBIENEC R DIIEETLZ(p<0.001, FIRE). HEBIETOLHMEINEL 2 BI1IEE
TI2EAFR LN, BEEEZZIFIDON LD o72(p >0.05, FRE). MHEL D,
1 EED EOBEEERBEIEL 2o THUET LAEDo72(p >0.05, FRE).

M EEE L LYEREOSREE L OMBREHIIRLA. YEEOEEREEIE, Mt
SRR 2B Lo TIRT L7z, GBI OKE, #RN, wE#EoEfiicE
EERIBDOLNT(p>0.05, FHE), WAL bEA—DEMTHEB S,

EmHOTHEREELXRUIR L. FHEEEGEIR, KN EKBDOZRELOBIE
KBWTHEENTFEILEL, 1EEDU L TCEHAEEETILP72(p<0.001, Y2 7zD
BE). FmBELIE~NS L, YEEL 1 FETHRABEIHEEIRE L ) HEICEVE
BRI, 24EFEL IEETIFEZEI LN -7(p>0.05, tBRE).
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Closed crown . Open crown
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Leaf nitrogen content (g N kg™*)

@ Current O 1-year-old A 2-year-old A 3-year-old

Fig. 2 Vertical distribution of leaf nitrogen content in Cryptomeria japonica
crown. Means and standard deviations (n = 4) are shown.
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24 — T T 1 T 1 T T

4 - @® Closed crown
O Open crown

Leaf nitrogen content (g N kg ')

0 1 1 L Il s 1 s 1 L
0 0.2 04 0.6 0.8 1
Relative light intensity
Fig. 3 Relationship between nitrogen content of current leaves and relative light intensity.Linear

regression line is shown (y=12.70+4.42x, r=0.570, p <0.001).
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Fig. 4 Changes in leaf nitrogen content with different leaf ages. Means and standard deviations are
shown. Pairs with asterisks are significantly different (** : p <0.01, * : p<0.05).
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EFESEIILEETIIHBE L EOMMEIIH D (K3, BHEFERSZHIFLEETL
728, 1EFELDETEEENEL 2> TOET L o72(12). 2517, EMPEAT
LIETLZ2-72(K4)., EFHAEN TREVWEDZEREELLEEICEEINL I LN
5N THBY (Brooks et al., 1996 ; Schoettle and Smith, 1999), A ¥ T ¥ EFEDFERHLF
HMENZD, 1EEDLOBREESENRTRADON R 7. ZORERO—DIZ, FE
BUONBENSHEINEDLL Lol N ELZLNS, DF ), AFTREEBLONK
HEAIEETAMIETL, FRURBIEZLACE Lo EZONSL, —K, &
WERFLVWEOESMREL 2D, SVEOESEFEIHLVEDOY V7 BEILE
SN % (Fife and Nambiar, 1984 ; Nambiar and Fife, 1987 ; Lange et al., 1987 ; Weikert et
al., 1989). AR TREELEHIIED L LUFEEDFEH0%~40% & E0 o7z (K1), Z
DT EhL, 1EELEOBHREEILERED L V7 EEICEESH, EFEVHVWEDLS
FLOWRISEILERLA-TEEE LSS, DF 1, Abies amabilis DF L WEITLFEL
1EEL2HHLETLLEEDI0%ITE LA % 572 (Brooks, 1987). ZD LI LRHFLVED
L OBRETIE, FVELLERIEIHTVERET, LEEORVETEISVWEERSER
FOFIHRFTHILHHEL. LL, HLVWEOSVAFHETIE, HVEILEE
DEEINFLVELEGRL, FUEFEEOBHVED LIS EITHEI L 72(Sanchez and
Righetti, 1990)¢Zz 56N 5.

WTRIZL T, FVEOBESEVELEVERP IO L) RO A BIER I
Hr0h, FREIREER, BIIARBOEIIHIDD, 5EOMENLETHS.
AFETIHAERL Y A ACTHBELRE LAY, TOFETEIEENKRETE, ¥
DEEL-BENROLBELFAET LI EPEELP o7, 51, NIOL Y —%H

WTHRHERRONXREEZHETLATETHS.
 EUIEINIBREINANCEBRTIERL, REBICITERBRETEOHEICELR
THREOZOIZATON, BEBERINHELEODEXREELOERRDO y-IHF L LTE
X N5 (Charles-Edwards et al., 1987). & 5|2, BFEEFENIN L NEVEDR, EOHEE
AW EFEEH LVEICER L T\ % (Charles-Edwards et al., 1987). RBFEIZBIT 5
KBELUEENEREE L DERRND y-H1312.7gNkg ' TH o 72(H3). £2 T, ¥
BILOBEREEDERSMERD L (H5), BRIETI2.7gNkg" & D ERVWEIILFEFE L
FIFEAEHFLEL VA, 1FEDETRIRETOES12.7 gNkg" L Y Ko7z, ZDZ
L3t bbb, HOWEDILALRYEEOHEIILELEREEUTTHL I L, bR
BERAEECESLTELT, HILVWENOBELEBIFEL L THRI-TWwEEEZLNS.
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Fig. 5 Frequency distribution of leaf nitrogen content. Broken line represents the y -intercept of linear
regression line in Fig. 3.
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EOEEEEWREGHEETHEICHET2HYRFETH Y (Field and Mooney,
1986 ; Evans, 1989), MIEOXEAREIHEANOEZSTHLOHEET L I L0°HIkKS
(Sellers et al., 1992 ; Schulze et al., 1994). AFFFETIRIAFHEICBVT, BREFEIZ1
FEEL FTEBIEIEC R THETFLEVIE, 8512, 1EED FOBESEIIER
PEATHETFTLRZVWIEZRLZ, Z0L) I, AFBEIIBV TEEIMLRLERIE
boTH 1 EEULOEREENEDL L R VERIZKAR1964)DEE L —BH L, AFHE
DEZRGSMEETMET 212H72-oC, 1FEULOBREEEILEDH ) TE—E LR
EHRD ZEAbyrol.

REAREMRENARENICIABRB LR CFIASE TV E, BECDEAEER>T
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50 B X ®

ANTEN, N.P.R., ScHIEVING F., and WERGER, M.J.A. (1995) . Patterns of light and nitrogen distribution in
relation to whole canopy carbon gain in C, and C, mono-and dicotyledonous species. Oecologia 101 . 504-
513

Brooks, J.R. (1987). Foliage respiration of Abies amabilis. Masters Thesis, University of Washington,
Seattle

Brooks, J.R., SPrRuGEL, D.G., and HINCKLEY, T.M. (1996) . The effects of light acclimation during and
after foliage expansion on photosynthesis of Abies amabilis foliage within the canopy. Oecologia 107 . 21~
32

CuapriN, F.S.I. (1980) . The mineral nutrition of wild plants. Annu. Rev. Ecol. Syst. 11 . 233-260

CHARLESEDWARDS, D.A., STUZEL, H,, FERRARIS, R., and BeecH, D.F. (1987) . An analysis of spatial vari-
ation in the nitrogen content of leaves from different horizons within the canopy. Ann. Bot. 60 . 421-426

DEejonG, T.M. and DoYLE, J.F. (1985) . Seasonal relationships between leaf nitrogen content (photosynthetic
capacity) and leaf canopy light exposure in peach ( Prunus persica) . Plant Cell Environ. 8 : 701-706

DejonG, T.M., DAY, KR., and JouNsON, R.S. (1989) . Partitioning of leaf nitrogen with respect to within
canopy light exposure and nitrogen availability in peach ( Prunus persica) . Trees 3 . 89-95

Evans, J.R. (1989) . Photosynthesis and nitrogen relationships in leaves of C, plants. Oecologia 78 . 9-19

RELD, C. (1983) . Allocating leaf nitrogen for the maximization of carbon gain: leaf age as a control on the allo-
cation program. Oecologia 56 . 341-347

FREeLp, C. and MooNEY, H.A. (1986) . The photosynthesis—nitrogen relationship in wild plants. in On the
economy of plant form and function, Givnish, T.]. (ed.). Cambridge University Press, Cambridge, pp.
25-55

FFE, D.N. and NaMBIAR, EK.S. (1984) . Movement of nutrients in radiata pine needles in relation to the
growth of shoots. Ann. Bot. 54 . 303-314

Hirosg, T. and WERGER, M.J.A. (1987) . Maximizing daily canopy photosynthesis with respect to the leaf
nitrogen allocation pattern in the canopy. Oecologia 72 . 520-526

HirosE, T., WERGER, M.J.A,, Pons, T.L., and VAN RHEENEN, J.W.A. (1988) . Canopy structure and leaf

nitrogen distribution in a stand of Lysimachia vulgaris L. as influenced by stand density. Oecologia 77 -



AFBREIBU 5 ERMIDOERSA 9

145-150
HoLLINGER, D.Y. (1996): Optimality and nitrogen allocation in a tree canopy. Tree Physiol. 16 : 627-634

P T-ERE—BB - KB X (1993) . AFXKBEABEPOERSM. HARILIHER46 ¢ 119-120

IO TRE—ME- BE B (1994) AXBEIC BT 2ENEROME. HREE 76 : 276-278

I T-ERE—BB - B B (1999) . BEROERSAEEAANTCAFT ALTHRO KRBT ABEEE
TV, HMWFEHTHE 110 75-76

Ak TERE—EB-BE 90 (2000) HENRLLNBICEFT T HAXOHEANERSA. HIKGE
82 : 281-286

LANGE, O.L., ZELLNER, H., GEBEL, J., SCHRAMEL, P., KOSTNER, B., and CzvcaN, F-C. (1987) :
Photosynthetic capacity, -chloroplast pigments, and mineral content of the previous year’s spruce needles
with and without the new flush: analysis of the forest-decline phenomenon of needle bleaching. Oecologia
73 . 351-357

MooNEY, H.A. and GurMoN, S.L. (1979) : Environmental and evolutionary constraints on photosynthetic
characteristics of higher plants. in Topics in plant population biology, Solbrig, O.T., Jain, S., Johnson,
G.B. and Raven, P.H. (eds.). Columbia University Press, New York, pp. 316-337

NaMBIAR, EK.S. and FIrg, D.N. (1987) . Growth and nutrient retranslocation in needles of radiata pine in
relationship to nitrogen supply. Ann. Bot. 60 . 147-156

NEBEL, B. and MATILE, P. (1992) : Longevity and senescence of needles in Pinus cembra L.. Trees 6 . 156-
161

SaDrAS, V.0O., HALL, A.]J, and ConNOR, D.J. (1993) : Light-associated nitrogen distribution profile in flow-
ering canopies of sunflower ( Helianthus annuus L. ) altered during grain growth. Oecologia 95 . 488-494

SANCHEZ, E.E. and RIGHETTI, T.L. (1990) : Tree nitrogen status and leaf canopy position influence posthar-
vest nitrogen accumulation and efflux from pear leaves. J. Amer. Soc. Hort. Sci. 115 . 934-937

SCHIEVING, F., Pons, T.L., WERGER, M.J. A., and HIROSE T. (1992) . The vertical distribution of nitrogen
and photosynthetic activity at different plant densities in Carex acutiformis. Plant and Soil 14 . 9-17

SCHOETTLE, A.W. and SMmiTH, W.K. (1999) . Interrelationships among light, photosynthesis and nitrogen in
the crown of mature Pinus contorta ssp. latifolia. Tree Physiol. 19 . 13-22

ScHuLzE, ED., KELLIHER, F.M., KorNER, C, LLoYD, J., and LEUNING, R. (1994) : Relationships among
maximum stomatal conductance, ecosystem surface conductance, carbon assimilation rate, and plant nitro-
gen nutrition: a global ecology scaling exercise. Annu. Rev. Ecol. Syst. 25 . 629-660

SELLERS, P.J., BERRY, J.A., CoLLATZ, G.J., FELD, C., and HALL, F.G. (1992) . Canopy reflectance, photo-
synthesis, and transpiration. III. A reanalysis using improved leaf models and a new canopy integration
scheme. Remote Sens. Environ. 42 : 187-216

WEIKERT, R.M., WEDLER, M, LIPPERT, M., SCHRAMEL, P., and LANGE, O.L. (1989) . Photosynthetic per-
formance, chloroplast pigments, and mineral content of various needle age classes of spruce ( Picea abies)
with and without the new flush: an experimental approach for analyzing forest decline phenomena. Trees
3.161-172

YauaTa, HL (1991) : Photographic estimation of light environments on forest floor using computerized tech-
nique: (I) Estimation of photon flux densities of the diffuse light and the direct solar beam light only with
total light. Annu. Rep. Pusrehut 1 | 14-23

KATEER (1964) 1 RARD B R %+ AT 2 BERIZBY 2 BATHRRZE. JUKER 37 85-178

(20004E7 H6 A 5% ft ; 20004E11 A 130 = 3)



10 MR TS
Summary

The distribution of nitrogen with varying leaf age was measured in the crown of a six-year-old
sugi( Cryptomeria japonica D. Don) tree at the edge of a stand. The nitrogen content (expressed
on a weight basis) of current leaves was positively correlated with light intensity and decreased
with increasing depth from the top of the crown. However, though the depth of the crown
increased, the nitrogen content of leaves one or more years old did not decrease. Furthermore,
the content did not decrease as leaf age increased. This demonstrated that nitrogen content of old
leaves could be held constant in modeling canopy photosynthesis of sugi trees. Two reasons are
suggested to explain why the nitrogen content of old leaves did not change. One is that the light
intensity of old leaves was low. The other is that the nitrogen of old leaves was translocated to
the new leaves. Since the nitrogen content of old leaves was lower than the value required for
producing new leaves, nitrogen in old leaves may play an important role in supplying nitrogen
to new leaves.

Key words: crown, Cryptomeria japonica, leaf age, nitrogen distribution, translocation



