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Photosynthetic Production in Abies veitchii Advance Growths
Growing under Different Light Environmental Conditions( 1)

Seasonal Growth, Crown Development, and Net Production
N R T

Yoosuke MaTtsumoro*
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SHMTIIAKRA MV A% %, HERFET S, DECHBREOVCLLEBLLEY & IMNB &
URTEMER D COMENFHEZH L2 T 272012, U En#E B L R+ A, CO,
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Fig. 2 Abies veitchii and A.mariesii advance growths in each plot
Photographed in late Sep., 1981 in the plots
S and I, and in late Jul., 1981 in the plot O.
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Fig. 3 Height growth curves of advance growths representative in each plot
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-4 S, Is5L00KICETARENRERDOBE L ESEIKRE
Fig. 4 Exterior appearances of entire top (a), branchings (b) and needle
arrangements(c,d,e) of advance growths representative in each plot
Photographed in late Sep., 1981.
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Plot S

Plot 1

Plot O

-4 (27x)
Fig. 4 (Continued)
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£—1 FAEXS L UCHBIROREIBOIIEM & AHNIEERE

Table 1 Index of light conditions and relative light intensity on each plot and subplot

o B R OE

E 0,
ff% Relative light intensity (%)
6 AL 10H 8 AH4j 7HATHI~9 ATH
HiBHX .
Plot and June and October Mid August July ~September
subplot (Eﬁﬁﬁhﬁﬁ& R ) (iﬁﬁ@iﬂ ) (?‘é = fE* )
Before flashing and after falling Vigorous growing stage Index of light condition*
(0] 100 100 100
Tee 68 64 66
Iss 54 52 53
I 20 22 22
S. 7 3.0 3.9
S 5 2.1 2.6
S: 3 1.7 2.0
Si 2 1.3 1.4
* Mean relative light intensity during the growing season from late Jul. to late
Sep., 1979.
4, £HFREK

SBLUORXDAFREIC DWW, TTICHELL MRARE, 1982), 22Tk, IK
BLURRBIX % 3o THBICERT 5,

A B K

OX (O'KX) #100& L7:S, IXBLUS, S, Si s, LesHlBIXDAEXEEIRE 2 X —
502, MMEERERR, ) -BOBRENENC L2 > Tle, I, I, Sy S, S Si0
NEIZAE S % 4%, Sy, S, S,y Sild, ZEHWNIC 7T AP ~THOHENBRIC L 5 LEANER
BmictdZ->TETL, 9ARE~10R LAInBEECL s EBRLVICEL L VWERT S, =
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K—6 1B :oEERE X RIBOMASOEHEES (197945 H208 ~118208)

Fig. 6 Frequency distribution in hourly mean light-intensity and temperature combinations
for the period from May 20.to Nov. 20, 1979
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AREMOLIRIL, BE, EH0OIITEL WBoBESIHFORIE L KEL W (B - RE,
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T, FNFNEMD66.7%, 68.7%, 58.7%% &7z,

WENROK L, EEHOBBICREA 0 CLUTE721320C bick 5 23N TH B, &
PR M S, S XT3 kix-hr-hrtPLE, T X T#12kix-hr-hr ' BLE, O X T#40kix-
hrehr Bl Rz 2 Z & 13474 v,

I #EBLUHE

1. GLatRs

S, 1, ORIZAET B F-<Hel (1, ORIZBIAMM TH 7205, LIRS 2 Uk RIE
LL7ewE XCIIHICHR) noybhrb, ThENZ, 3, SEAREZIEY B- ¢, EEFA
B AR OBRRER & L7, SEREHOBE S £ — 210R T, 9 R (19794 LRF)
7 EASAREE ORI H 1 0enBT# T, FRBIOBESC & 2 THOMA B ) 28I T2 <, 1%
Db B R BA T,

AmENEEN L EENEE, B L HAEREEOBOMBEN 18520, EEOHR
MRt 12, S, I, OXBLUS, S, Si Iss, LMD Z N FNICEBET DB DR
o —ER Y HR L L7z,

B— 713, SEARBMOBGERRBTHS, [ Ko 1EKENZNT, RRFENIIEN
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w2 BB oOME

Table 2 Outline of sample advance growths

g o - R ZT: 19704 (fR3e%) # O
HEBNo B % DEE i
Height Diameter at Estimated height in 1970 Estimated
Sample advance . .k
growth No. (em) ground level at clear cutting age
(cm) (em) (yr.)
S—1 24.6 0.5 8.8 16
S—2 24.4 0.6 10.1 18
I1—-1 57.9 1.3 9.1 21
I1-2 31.6 0.8 4.5 17
I1-3 52.5 1.1 8.0 16
0—-1 76.6 3.1 12.8 24
0—-2 100.8 2.2 10.9 16
0—-3 101.4 2.4 12.5 18
* Estimated from number of nodes.

* % Estimated value adding the number of distinguishable nodes under the
ground to the number of annual rings at the ground level.
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:/;/;g,ﬁ - Plot S
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o T Pt R—7  &GEatHER o b o A
oo °: 0 .
L i
- e.e : Turning point Fig. 7 Height growth curves of each
2, L _ 2 sample advance growth
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Year

RIRICE B AR, ABOLEY, ABERORT % & THERIMETT 52 &, £
BMEICL > TR LRIRTH D 281, B &L TRICZ 2 (BE 1 m REORNHER T
LLIRLIBEELYR) 2k, 2rnhoHrTh o,

X— 7 OMEERMBICE VT, FRENOHAREN, FITRLEZS, I, OROREN
Bk e LA iEEREARL, FRABRKORNRNERBBZ 2L >MBITHB L W25,

2. AHARB& L UFE
P8 B 2 BEARERTI, F THIEER X TR AT, M EERIABERIAER D 3 (FA, 1979)
FRRLLTECE - T8, B, S L IcBH - EBcaiT . I3, =0k
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Branch Stem Needle

Section[A-b]
Ls>Age(0,1,2)
Stem internode age
(0,1,I--

M—8 Honthprz@E+L7 s ar NFRRD)
Fig. 8 Branching (a) and indication of sections based on the age

(Arabic numerals) and stem internode age belonging to them (Roman numerals) (b)

CEOArE A e H T, BB - EBAICHTEZLICL o TR, B, HENBLEZNZE
MRy e Ai % EETE 5,

X— 83, HOWs7 L&, kL, SEL BT - £ L) RATI2ERLZLNTH S,
iz BWwC, 0BLU0o—<8 73, HEOEREEbL, TMCOI(T 7ETHTR, #,
B, sENEREEDLT. TOL ST, HBEH-EMINCST 28 k£ 7 2 3 ¥ (Section) &
£ 72, Roblz, alcmLrRENERSHE, BEPRic L TENEMICHD, ARl
BENL sy s elN, 2ATREE L TEDLLTVS, M—UB LU2UCBT 20 R,
ZOEBRFICL EDTV TV A,

Swr a2 ricBE, BESEHoROEEER (BEM, #ELL), FHElR, #®,
K, SFEOMETE (85°C NMMEME), B & ERICH  SHEEOKE, RIERM (SHIEM+HER
) 2T, BB, BEOBEMAESZ, REEE LB EOR S O ERBEE (A, 1978)
P LBEL TRz,

197948 8 A30H i KFALER H b BAMB L IR, 2 bIcEL7 L a v icrlEL 2. &S,
E@&E@ﬂﬂ%,ﬁﬁ%ZBﬁ?%i,wotAHﬂmiﬂmﬁﬁ%mb(%~mﬁﬁ,
60~70°CichnE) 720b, NI DFEEATL -T2,

K7L a VIET 2 PAIRER, BES (T—1, 3/ R¥KK 2AVTEEIL,
FNENOMBOTER LIc B 2 BE£100 & ¥ 2 HxHE % Rev 72, FHRIZ, 19814 8 A4 &
9ATHE®2ME, BRNHHNI~14KF THOMIZATH - 72,

HED WS 2%, EENEEHEBLME2H0RMES, I, ORBLUS, S, Sy L,
L BNX Iz 5T, 19794 8 A30H ML 7z, Zhucmz TS, I, OKicon»Tid, #2
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X-~-9 HOMAEERDHETE

Fig. 9 Estimation of net productioh in
Section[A - b] Section[A - (b-1}} each section of branches

HOKAR - RO FIELOF BRI LE LR - 22 L 00 kb b, BE10ETH
ERU, M, SHEOBEN L B T,

3. MIAEROMERE
BL7ary T EOMEERRE, KRICL-> TERIND,
AY[A-b]= Y[A-b]—Y'[A-b]+A D[A-b]
7272l
[A-5] . BiBs#r A, Wb DL 3>
AY[Ab] k7 ar [A-b]DEMMAER

Y[A-b]: " BENEE
Y'[A-b]: " 1 ERNER
AD[A-b] : " ERRFEEB L OHAER

27 SHERMERIC 51) BMEEROMEEIS, WO EMRE L2BRIM IR EEEAHL 20
T, WEICHEIEL S, BARETOLM) ENEH L, BELEKRE VINROLI N
DEHTTHEL v, £2T, S0FMor2 505, TTIRBNZLIIC, BRI L, EHo
CHEBRZEEL, BERZMEL, B L, SRS CHNERBR L VT, MkER
EL7, BARBFEIADEEY) Th 5,

A B8

BHERBITOFELICAL 2, BEOHELRLZ0E, BB LICKS LA TH 5B,

B &

BRI FELEH S &, ERAELRICLDNT, EMiv BHES ke £ 272,

7 ar I EIEFELNIRTOREII—ETH), »OBENL 7L 3 vIic BT LH
FOMNEEL, F—HEICBTE 1EEVE7Y 3> EAL EET 2, (K- 9 &)
Thbb

WB’[A-b]/LB[A-b]= WB[A(b—1)]/LB[A-(b—1)]

L7255 T
WﬁTAM=WBM%M1HX7§%%%%Tr W
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FHTE, BED LW E LT
A WB[A-b]= WB[A-b]—WB’'[A-b]
(D% 2 IRRALT, BENE 7L a v DHEOMEERIKE S, T4abb

A WBLA-b1={WB[A-b]—WB[A-(6— 1)J}X—Lﬁl_%;ﬁ]—l)]- (2)
72712L
[A-b] : BFSWA, FHbNDLT 3>
[A-(b—1)]: n A, » (b—1)
WB[A-b]: &7+ 3> [A-blIcBIT2RNER
LB[A-b] : " FHEHE
WB'[A-b] : " 1O ER
AWB[A-b] " KOMERE R

L, MEHSE, HMEREZOE HEERE L, HORNSE - B, E#EOT
BT, MR TIERAL BL 0L CEEXNSRE KBTS 5II0AS 0, &
B F D HOMAERORER, HENROBISECL 02 BLNS L 52 b, EHRED
BAbie ¥ T, MOBEENEEN 1 Tl B 26 L 723541 [l T 20,

cC %

iz TIE, WIE - MERL EREL 2, HIE, ATHOHN X B EPT 505 1
=T 1 D A TR RO BB 2, E R O EOEE AR, T KEMELE
BERESREIREL L,

A WLIA-b]= WL[A-b]— WL'[A+b]+ WLD[A-b) (3)

72770

AWL[AB] : 27 av[A-bloSHEDMERER
WL[A-b] : " BAENHENER
WL'[A-b) : " | FRIOHENE R

WLD[A-b] : " 1 EBDHENILER

ZZT
WL'[A-b]= WLI'[A-b] X N'[A-b] 4)
¥/, BENEBHEMHI» L WELT
WLD[A-b]=WL1'[A-b] X ND[A-b] (5)
7L
WLU[A-b]: %27+ a>[A-b]D 1 FRNHEIRNER
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N'[A-b] : " o FER
ND[A-b] : " 1 FER DS EDNTES

3)ic4), GXEMHNALT

A WLIA b]=WL[A-b]—WLVU[A-b] X{N’[A-b]—ND[A-b]} (6)
rEbY D,
zzT
ND[A-b]= N'[A-b]—N[A-b] , (7)
gL
WL1[A-bl=WL1[A-(b—1)] (8)
A AN
N[A-b]: &7 3 [A b]lDsEK
WL1[A-(b—1)] : ” [A- (- D]oHE1IHNER
6)Ric(?), BREZHRALT, €7 3 v [A-b]nHENMAERZ,
A WL[A-b]=WL[A-b]—WL1[A-(b— 1)]XN[A-b] 9
2k > Tk 5, |
WX, 1EFNHENERIIZ, KDL IICLTRKDE LN TE S,
N’[A-b]=N[A~(b—1)]><NSI[V:,[(+]l)] (1)
7272
N[A-(b—1)] 27> a>[A-(b— 1)]nstEEHK
NS[A-(b—1)]: " " MIERE
NS[A-b] : " [A-b]D "
@=R1z®), WRERALT '
WL/LAB]=WLLLA - (b= 1)IXNTA- (b= 1)]x —gfaildbl o a

ORBEUORIC L 2HEOMEERS LU 1 FRIOHERERBOHEIX, KNBHE LMK,
SENE S %, BFERICH)RBEICKE 2B L K BFEOEEE, HEIRDERLELE
PRELELLLWHESMHIBATE XL B b b,

IV BREIUSE

1. 8 & SiEO4EROFHEL

S, I, ORIz 2%b L UBOMEERNFEREZX—-10na, bRl 72, B, &
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#£—3 HAMEBOSERE

Table 3 Dry weight of each organ in sample advance growths

(g dry wt.)
AR ([RENG b ¥H FE HE HRE T/R%
No. Entire BhE Needle  Branch Stem Root
Sample advance  individual wt. Top. wt. wt. wt. wt. wt. T/R ratio
growth No. (W) (WTOP) (WL) (WB) (WS) (WR)
S—1 13.8 10.8 4.8 3.1 3.0 3.0 3.6
S—2 12.7 10.3 4.5 2.6 3.2 2.4 4.3
I-1 82.2 66.1 29.0 19.7 17.4 16.1 4.1
I—-2 28.5 24.5 11.5 7.8 5.2 4.0 6.1
I1-3 64.9 52.8 23.2 15.4 14.2 12.1 4.4
0-1 589.8 477.0 215.7 177.3 84.0 112.8 4.2
0—2 369.9 299.5 113.0 103.8 82.8 70.4 4.3
0-3 641.0 489.7 215.7 182.5 101.5 151.3 3.2
0 50 100
5-2 7
S Branch . Stem | Root
“ P 7/////
T 12 g
E 13 .
2 s
0-1 /// %/ 13 = 2 ey =
- SEAHBOBRENEROE S
02 ///////////// Fig. 13 Ratio of each organ in each
0-3 /////////// ' sample advance growth in dry
0 50 100 weight percentage

(%)

Percentage

B B, BoMREREFEURIICIZITRT T 2,

HENE 2, EAGH (SM—112, EBEELEKK) TRI->2LDTHBH, ¥ IXTlrx
Bk FZEL T B/, LT LL 70074 VoG L Ty bR, Eikaliss EKE: 55
HADEEORBIZTE L, LHL, BRELEREZLS OLHENERZ, ERAER LI

IR R ERD L £ 5, 1FEULOSETIE, Z<KbTHTHEH, FM, FREed
L T A EED H NS,

2. EROEMAH
-3 ICAHEMBOBEINEREZRL 2, T/REZ, 40T, S, I, ORMmEWIZ

B 50T,
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B E L O b B I 227y a3 Y BUNEBGANZH - 141277 Y., a DEE
REZ, N FNBEEEHEHEL L LICL (HOMELZRLZLNTHSL, bOLT 3
CBMOERSANIE, ERBFICEHLI I3y T rnEE&ERL, BEPLCARS
$HEE, ER2ET, FhFADELT Y 3 > OS] - FRHIOBEIR, BRREBIEL LI
AL 7z,

BRIz L -C, S, I, ORNOHERAKROEERLH, ROMEERNEVIHLLTH
3. C. F. L (BiElsdasy, 4 - Bi%, 1977) i3, SIX35@7#%, [[XS5HIH%, O K60RTHT,
B2 KIE FEE S AOMRRESRG, M—15F, #WBEzmz8KiconT, RN
EHEAE RS, C. F. L #3B8IL 2R TH 2, T TIOBRA - HX (1977) rH]EL TS
E502, MaWKIIE C F L AkEL %5, |

HM—147 a DHFEARIC B W T, BETHORE L UBRNBRERY IET 5 &, BARE
BIIHELTWBL0RR, 2o IRDLnd, SEAMERERE SIZEELL V. H]
o C.F. L THEb LLEEENEW2 ZORH L & ) BEASICEHETE 3,

M—140bnEESHRC & 5 &, Bid, $HEF L, HoSm»EH L T L2 H.0
AT Bo BEOINTHFRBICHAN S BBREITEC LU, RTISEWIZETHmIERT S
TEIZHBY, BEEZ LI (BofiZLil) RLAKRETE, BBEEROBELZHT, Z0kH
HAERI 7 - T B, '
nEMAA, B OERMT TN B LY 3y TR EENEVEISE hn s, LoL,
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Fig. 14 Tree forms (2) and distributions of weight among sections in each organ (b)
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Fig. 16 Difference in age distribution of
needles of sample advance
growths among the plots
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Fig. 17 Defoliation rate in relationship
' to light conditions and needle
ages
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1] *
;5 ¢ e: Current-yr. JE Z(b)
e s: 1-yr.-old . . :
e .t 2 Fig. 18 =~ Weight(2) and thickness (b) of
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K—4 w723yl EnEHENBE EBOTHEKEL£2100872)

Table 4 Average relative light intensity in each section calculated as 100% at the top of each
sample advance growth

(%)
53 £ SRR R
Stem internode age Average relative ligh intensity
0 100 Plot S
I 94 99
1I 82 92 97
I 75 80 90 95
v .70 73 76 88 92
v 60 65 65 72 85 90
VI 52 55 60 62 70 83 87
v 49 - - 55 - - 79 85
Vi — —_ — — —_ — —_ — —_
X 50 - - 49 - — 56 - - 80
X — — — — —_ — —_ — — — —_
X 47 — - 50 - - 51 - - 53 68 75
0 100 Plot 1
1 82 96
I 60 79 92
I 46 57 73 87
' 37 40 53 68 82
\'s 31 34 37 49 57 75
Vi 29 30 32 35 43 52 68
VI 27 - - 31 - - 51 62
Vm . — —_ J— — — —_ —_ —
X 25 — - 26 - — 29 - - 52
X — — — — — — - — _ _ —
X 24 — — 23 - - 25 - - 29 - 37
0 100 Plot O
I 86 94
I 60 75 86.
I 40 55 68 78
1\ 30 35 40 61 70
\'4 18 26 32 37 41 59
Vi 14 19 21 24 30 35 45
i 12 - - 21 - 25 30 35
it - - - - - — 23 25 30
X 9 - — 12 - - — 20 22 28
x —_ — — — — —_ —_ — —_ —_ —
X 10 - - 11 — - — — — — — —

Data arrangement is the same as in Fig. 14(b).
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Fig. 19 Annual weight growth of needles and entire individual of each sample advance growth
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K—5 FHERE (1976~ T794EFH)
Table 5 Annual growth rate (1976~1979)

£ £ K

Bt FE o Annual growth rate
Sample advance -
growth No. .1 . .ﬁi. *
Entire individual Needle
‘S—1 1.28 1.16
S—-2 1.40 1.36
I-1 1.68 1.62
-2 1.75 1.64
I1-3 1.85 1.90
0-1 1.58 1.45
0-2 1.80 1.72
0-3 1.94 1.93
0 50 100

Needle / Stem  Root

//7///////,
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_
/////,//// | &
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Fig. 20 Distribution of net production
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Percentage (%)
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Fig. 21 Distribution of net production among the sections in each organ
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Summary

In the sub-alpine natural coniferous forests in the central Honshu, the stands abundant
advance growths of Abies veitchii LivoL. on the forest floor are found frequently. When
the clear-cutting of upper story with expecting the natural regeneration is made, these
advance growths having been under deep shade will be exposed directly to the severe
radiation. The success of regeneration may depend on physiological adaptability of them
to the open conditions. In this series of studies, I try to make clear the difference in some
eco-physiological characters relating to photosynthetic production among advance growths
of A. veitchii having been adapted to various light conditions.

The study area was located on the western slope of Mt. Kita-okusenjo (2,602m, above
sea level, and 35°52’'N, 138°40’'E) at the elevation of 2,320—2,350m. = The study plots were
set in a subalpine coniferous forest with deep canopy mainly composed of A. veitchii, A.
mariesii Mast., Tsuga diversifolia (Maxim.) Mast. and Betula ermanii Cuau as a shaded plot,
free from effect of clear-cutting (Plot S), near forest border as an intermediate plot (Plot
I), and in the adjoining cut-over area where clear-cutting had been made with expecting the
natural regeneration in 1970, as an open plot (Plot O).

In this study, environmental conditions in each plot, and seasonal growth patterns, crown
developments and dry matter productions of advance growths were compared among the
plots.

The indices of light condition, mean values of relative light intensity during July to
September, in the plots S, I, and O were 2.6%, 22%, and 100%, respectively. Combination
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ranges of hourly mean light intensity and temperature observed frequently were 0.006—1.6
klx-hr-hr=' and 3—167C in the plot S, 0.04—8.4klx-hr-hr~! and 5—16°C in the plot I, and
0.2—40klx-hr-hr~'and 5—18Cin the plot O. These ranges were reached 66.7%, 68.7%,
and 58.7% in frequency during the total daytime of the growing season in 1979, respectively.

Elongation growth in the stem and the branch stopped in late August. Weight growth
in the branch, however, continued until October in each plot. Weight and thickness growth
in the needles finished in early August in the plot S, in mid August in the plot I, and in late
August in the plot O, respectively.

The ratios of needles, and roots to the entire individuals in weight were 35% and 209,
respectively, in each plot. The ratios of branch were 20%, 25%, and 30%, and those of
stems 25%, 20%, and 15%, respectively in order of the plots S, I, and O. With increasing
light intensity of the plot, the needles were concentrated on the younger part of branches
at the top part of crown.

The defoliation ratios reached about 60% of the original amount were in the age 6 years
after flushing in the plot S, 4 years in the plot I, and 3 years in the plot O. In the plot
O, almost all 5 -year-old needles were already fallen, while in the plot S 10-year-old needles
were still alive. With increasing light intensity of the plot, the needles became heavier and
thicker, so that the reduction of light intensity inside the crown was more remarkable.
These differences in crown development of A. veifchii advance growths among the plots
must have resulted from the adaptation of them to various light conditions.

The annual growth rates in weight were calculated by the estimating net production
method newly devised, and were determined as 1.3 in the plot S, 1.8 in the plot I, and 1.8
in the plot O. The distribution ratio of net production to branch became lower with
shading. The net production in needles was allotted to those grown in current-year on the
upper 4 bfanch stories in the plots S and I, and those on the upper 6 branch stories in the
plot O.

The adaptations in photosynthetic production during 9 years after the clear-cutting
resulted in the difference in net production of A. veitchii advance growths among the plots.
The net production in 1979 amounted to 7 times in the plot I, and 70 times in the piot O
as compared with that in the plot S, respectively.



