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Abstract: [ Objectives ] This study was to investigate the nutrient utilization characteristics in the material
production of Chinese fir [Cunninghamia lanceolata (Lamb. ) Hook] plantations and to provide a scientific basis
for the management of Chinese fir plantation. [ Methods ] The study was conducted at the Ecosystem Research
Station for Chinese Fir Plantation (National Outdoor Scientific Research Observation Station) in Huitong County,
Hunan Province, China. Four localized observation sampling plots were established in a seven-year-old plantation.
In the 7th, 11th, 16th, 20th and 25th year, the stand biomasses were measured, the total Ca, Mg, K, N and P

contents in different plant parts were analyzed. The transferred nutrient amounts from the dead branch and leaves
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were calculated via multiplying their biomass by the nutrient concentration difference values before and after their
death. According to the periodical nutrient concentration differences, the supplemented or removed quantities of
nutrients from various organs born before this forest age stage were estimated. These nutrients were combined
with nutrients absorbed from soil. [ Results ] With the increasing of forest age, the percentage of nutrient
provided by soil, which was in range of 79.3%—-96.5%, became decreasing; that by transfer out of branches and
leaves before death, which was accounted for 3.52%—17.55%, became rising. Only since the 12th year of stand,
there occurred reuse of nutrients transferred out of the biomass born before and still alive in a certain forest age
stage. These shifts accounted for 3.11%-3.40% and showed a small amplitude downward trend with the
increase of forest age. Before the fast trunk growth stage, nutrient use efficiency declined with the increasing
forest age. Since the fast trunk growth stage, nutrient use efficiency rose with the increasing forest age.

[ Conclusions ] The nutrients used for material production in stand come from three aspects: soil, pre-death
transfer of branches and leaves and plant tissue transfer. As long as there are branches and leaves dying, nutrients
will be transferred out for material reproduction before the dying of branches and leaves. Only after the closure of
fir stand, the biomass produced by the previous stand in a certain forest age section, and some nutrients in the
biomass still alive in the forest age section will be removed for reuse. The annual change of nutrient use in stands
is restricted by the demand for nutrients in different growth stages, and the nutrient utilization processes are jointly
controlled by the rules of nutrient redistribution and storage in Cunninghamia lanceolata, during the growth and
development stages, along with the nutrient use efficiency in different growth stages.

Key words: Cunninghamia lanceolata (Lamb. ) Hook; biomass production; soil nutrient; internal nutrient cycling;

nutrient reuse; use efficiency; plantation

0T 37 3 00 T 3222 T AR I ) o A 7
W37 0 ) TR A W RO B A R o) T g
PAARR TR B 3R A R A i S A
MZ PRI RTE—E, BV E R G S
PRI RIFR MR A I, DL RS E AL A e
OEAYSY I

20 t42 80 AN, FRENERAEAGED, oA
FHREMRGFRS IS EEYWEMESE SR TIEAR
[Cunninghamia lanceolata (Lamb. ) Hook] A\ T #kF#4)
FHBWTFE o Bl 5 3 B i AR AROE H2 N TARTR o
FIFHOEIE PR & B B, TER I (Populus)™ ., 1
AR (Pinus elliottii)™ . L 58 (Acacia mangium)'™ |
FEM 4% (Eucalyptus urophylla)™ . 5 J@#)S (Pinus mass-
oniana Lamb. ' B EH (Hevea brasiliensis)!'’"!
A N AR 33 43 R AT 98 05 T A T — LA 5 B
Ko VL ERYORSE A W B e ) 77 o R 2
W =178 + I pREORTGY . X R BIETE RS 1Y
Sebroe HHEFR PRI, 2 T AR A SR )
AL FE 0, DL RRRTE 2N (9 i 5 3 s
IR A o 2B AR A 7 1 ) o i e 1) 5%
SPIEATEAR A LY, MWL NEE RS SR el
TP A =2, SR, FRETEADIA N TR
PEFR rh L B 33 53 15 R FHOE 5 7 TG S AH 20558 o I
Hb, XERRGT S5 53 F A58 IS o H R AT s B iy

APRTT, BIRA 2 H T T AR AR 1 57 23 F1]
FHs e AHARRI “W 2B vk, i TAL AR
SerE, BEICAE R AT e B bR . T, Jovk AR
RT3 DA AR ) S ABRAS [ AR 18y g S A 7= e A v
TR I o ASHTFE AT R 23 TR AZ AbK [ 52 i B
SRR AT FE 0 1Y) 25 45 007 14 S0 7 1) A 4y A
MOARSR I B, 2 A A2 AR B A SE AT 17 37
R R B SR i, DARARSE N “AT A 3 ) 7
(FEARLEAE R BOT AR RTAR M 227 1, HATSEAEIX
RS BEAS RT3 6 3 ) AR RS R SR . K
X LEFRIN 5 SN A IR A A —E, MR R
B b, ZRE A AR B 7 o 3R 20 B T RAAE o
FUAT 5 AR B 5 3t S WA T i B 5 49 37 0 1)
A, PR ARII R TR (BRI F
NS, S N TR 28 B AR 22 AR

BeAh, RSO B “ ARG B B« b
7 FHRUR 208 s PR3 Rt a3 A S i ik 52 00 4
i (CEY BT i AR BRI E), SCR T “Ak
ORI I IR 3R 5 LU P AR b S
S PRSI AV A R S PR 2 TR AR B i bR 2R
PR AR, RO RS AER, RHER O, Bl
RESUHT 0] TG ALV i 3R 0 B, TR LA ) S e 7%
(3R i SRR SR, JF LA e, e
CMRII IR BERIE R ik



1590

W) E SR 50 R

25 %

1 BRSO
1.1 #AREXER

A FETEI R RIS AMAE S R G Euh (E K
BFHMRLE LB FE k) 46 3 i/ NE K X EF T, HbFR
fi'% 26°50'N, 109°45'E, THFH 1.984 hm?, ik
270~350 m, HEmpgdt, A 15°~25°, WFRIXE
T B 2R KR S X, AR AR 16.9°C,
AR 1100~1400 mm, AEPIHIXHERE 80% LI L.
TR R AR R IR AR TS, KA
B, LEEE 80 cm LI b, I NI,

IR ST I 1988 AFEFESR 3 /INEEIK IX P 2R FH 45
. &RIZ7FCEEMNE 2 AN, S EHE
B 2200 AR, AR LJEHT 3 AFRERE KT
1R, LUEEH AR . AREBRES I RS54 =
EESFRFIEILE 1,
1.2 #HRFGE
1.2.1 BAAA Yl e A AR S L AL SR
AT TAEAR, FEMRNIESL T 4 e VLIRS . (45
YO Ul 667 m?) SEA7 4 TS . HEAERRST 7,
11, 16, 20, 25 AW, 7E 4 P[] WAL A
R (RS RGUENIAFFE ik ) Py 0
FEMITEY

SRR ¥ NP A s A Wi OR R € O S R YA
ST BDAK i, AT SRR ARAEZEM o DRI, FEAR
b g A 0 S PR O 5 N R AR A A I A BE
B N TP A, AT AN [ s i
FE R A St RO I AR A R I R A A
o ARIETE S WXL AR A K Y I i 45 5, A
FEAZ AR AR K R E N 5 4R, AR B A K
WIE R 10 4 RLAR TR AL B0 BAA O i 2, R

MRATES 1 ARA P R 53 0 W R WL (AR SOAR
AR AT 7 AR A AR A R B B AR R 8
H), a3 6 FEANMLMHER W, 5F
11 AR NRE R A W, AIRILHER B — A5 B Ak
A3 AR B RS A P o SRR B L R R A
B i AN 075 JEA B A 2 SR AAAE A Ll 2 el
T o L DA A Al SN [ B 8 A P A R T 1Y) 7
SRR, HAS R SC PR (MR SRS iR -
& RV A ZHHR) .
1.2.2 AFEMIBEME A RAE AP
A AR A R A g LD, AR S K
HAEWEARR, AR Bk 4 )X Se 8 5
AW, AT DR SRS B a0 93K S8 25 IAE
2 2R (IR R AETE R A2, (H MR I AR
RIS R, FERR LIRFAEAR RAMERE , A5
PR TR R Bz [R) S X R, Al A HS Y 2E 7 i IR
TP ) AR A, K. A —
PR R, ARHE IR H SRR s ik, AR A
MRS B AR AR 0 R BL7E SE AR B N A 1 AR 1)
it. R GBI B 27 1 E Y ().
W= Wy —Wi)+ W+ (Wau— W) 6))
K, W, TR MRS BEE AT I A A A i
W, 7 HEMRIE B 2 1l AR K A I AR B AT A
MY W o AR Be Az 4 A i S e AR B 1
WiBCHE; Woo W, 5358 FEARUS T 5 I FNZS SR Y
T MR k=12 (B, M) i=1,2,3
(T Ko ).
1.2.3 FEACREE BRINE A W) 1 [R]EESR AR 2 AT
Feto A T ORIERE a B AERME, TEARBEIR B3k
G e S I RN I SO G 1 I S I P = R . 552
— DX B T AR o3 DX BCRAER TR S, R 4R

R 1 TRIMEIZARRBIRDHHE

Table 1 Stand characteristics of Chinese fir forest at different stand ages

MRl W IRl P WAFLEYy it Existing biomass (thm?, n=24) it
Stand age  Density DBH Average height Total

(a) (tree/hm?) (cm) (m) ¥ Twig " Needle T Stem J% Bark #R Root (t/hm?)

7 2130 82+0.51 6.51+0.38 490+0.26 7.78+0.45 18.41 £0.97 3.79+£024 5.18+0.33 40.06

11 2080 11.7+0.70 9.83+0.70 12.60+0.79 11.99+0.59  32.09+1.96 7.70+0.44 11.27+£0.68 75.65

16 2046 134+091 12.74+0.81 1899+1.04 15.76+1.03 51.19+3.19 12.48+0.77 18.25+1.06 116.67

20 2016 16.3+1.08 14.62+1.04 20.05+1.33 16.60+0.95 8239+553 19.60+1.29 2445+1.52 163.09

25 2005 175+1.14 1633 £1.09 1999+1.34 12.75+£0.64 111.48+6.95 28.88+1.72 32.64+2.19 205.74

¥ (Note) : FHMH + FrifEiR Mean + SD; —n = 588; DBH—The diameter at the breast height.
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Table 2 Annual biomass of Chinese fir plantations in different stand ages
FRi% Stand age (a) B Twig - Needle T Stem J% Stem bark 2 Root A7 Total
1~7 0.70 +0.051 dE 1.56 +0.120 bD 2.63+0.139 aE 0.54+0.035 ¢E 0.74 + 0.046 cE 6.17E
8~11 2.10+0.145 cA 2.61+0.215bC 3.42+0.210aD 0.98 +0.060 eC 1.52+0.105 dC 10.63D
12~16 1.98 £0.149 ¢cD 3.15+0.240 bB 3.82+0.236 aC 0.96 + 0.062 eD 1.40 +0.095 dD 11.31C
17~20 2.02+0.153 cB 3.36£0.231 bA 7.80 + 0.466 aA 1.78 £0.103 dB 1.55+0.111 eB 1651 A
21~25 1.99 +0.135 cC 3.15+0.234bB 5.82+0.281 aB 1.85+0.110 dA 1.64 + 0.098 eA 1445 B
£ (Note) : PIfE + #pifEiR Mean = SD, FfTEUEG A /NG T EER7R A — b BOR M AL A2 Wt 22 5 B3, ISR S 56k
ForR Al — AL A R MRS Bl A= 4y it 25 55 8.3 . Different lowercase letters in a row mean significant difference among the different organs in the
same stand ages (P < 0.05) and different capital letters in a column mean significant difference among the different stand ages in the same organs (P <
0.05).
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Table 3 Average annual dead branches and leaves of Chinese fir plantations at different ages

M Stand age (a) A Twig I Needle &1t Total
1~7 0 0.444 £ 0.028 E 0.444 E
8§~11 0.175+0.011 bD 1.555+0.112 aD 1.730 D
12~16 0.700 + 0.051 bC 2.398 £0.162 aC 3.098 C
17~20 1.750 £ 0.112 bB 3.153+0.187 aB 4903 B
21~25 2.004 +0.136 bA 3.320 £ 0.205 aA 5.324 A

# (Note) :

SEEIME £ Rk Mean = SD, R TEUE AR/NG F-RERIR ] —

AR BORRIRALE) 22 53 .2, RIS S 5 Rk oR [

— AL RIS B[R] 25 5+ .3 . Different lowercase letters in a row mean significant difference between the different organs in the same stand ages

(P < 0.05) and different capital letters in a column mean significant difference among the different stand ages in the same organs (P < 0.05).
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Table 4 Annual average nutrient transfer in the living tissues of Chinese fir forests of different stand ages

P Stand age (a) N P K Ca Mg A3 Total
8~11 +3.11 aA +0.37 eD +1.36 cB +1.96 bB +1.03 dA +7.83 A
12~16 -1.41bC -0.43 eB -1.27 cC -1.90 aC -0.82 dC -5.83C
17~20 —1.66 bB -0.53 eA —1.40 cA -2.26 aA -0.90 dB -6.75B
21~25 —1.30 bD —0.40 eC —1.06 cD —1.77 aD —0.65 dD -5.18 D
H (Note) = “—” JWHiBBeA: KAHPIIA N %53 PR BB BB A i, “+” AR BOsT RIS 35 43T [l 5 26 75 I BeAPAE

YR . RATEUE R ARG F-RFRR R — R BOR R SR M 2 5 B3, FFUARRE FRFRR R —FR A AR B 2 5 %, “-”
represents the nutrients flow in from the organs developed in previous stages, and “+” represents the flow out ones from the newly grown parts to
the existing part of the organs grown in previous stages. Different lowercase letters in a row mean significant difference among different nutrients in
the same stand ages (P < 0.05) and different capital letters in a column mean significant difference among the different stand ages for the same
nutrient (P < 0.05).

5 FREMBEZAERANNENH SRS ke/(hm*a)]

Table 5 Average annual nutrient transfer within tissues of Chinese fir in different ages

F#E Stand age (a) ¥ Twig I Needle T Stem wood J% Stem bark #* Root &t Total
8~11 +2.10 bA +2.92 aA +1.01 dD +1.21 cA +0.59 eD +7.83 A
12~16 —1.46 bC —1.57 aB -1.09 cC —0.64 eD -1.07 dB -5.83C
17~20 —1.63 bB -1.18 dC -1.79 aA -0.87 eB -1.28 cA -6.75B
21~25 —1.08 bD —0.86 dD —1.63 aB —0.71 eC —0.88 cC -5.18 D
H (Note) = “—” BB KPR N %5 Pt BB BB A M, “+” AR B BORT RIS 35 43T 1 5 26 75 I BeAPE

PR o RATEUEE AN F/NE SRR W) — MR BOR R AR A M 22 5 3, PR RIRE 5 RE0R Rl — B LA M AR B i 22 5 . -7

represents the nutrients flow in from the organs developed in previous stages, and “+” represents the flow out ones from the newly grown parts to
the existing part of the organs grown in previous stages. Values followed by different lowercase letters in a row mean significant difference among the
different organs in the same stand ages (P < 0.05) and different capital letters in a column mean significant difference among the different stand ages

in the same organs (P < 0.05).
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24 AEMEBEFZARRL, HHEAIERBHFRESE

1~ 25 AFAN AR BB RS SERT A 3% 7347 1
4 3.04~31.89 kg/(hm*a)(F 6). &5, Kk
ot 5 MR 0~28.68%, MAY M 71.32%~
100% (1~7 4 th DA ML AT R 57 0 &) . H
UERHT, F2 AR A FE T 45 1 37 53 £ 202 i Al
FEHT AL I IR 51 o AL IR 53 o kPR 185 T iy 3
T B RS R AEAR Y 20 4F AR LR BE AR 2 0 G
T, 20 A DL BEARES G I L

ARG HrBe, B ASSERTE N PL K. Ca,
Mg FER BRI 1.25~14.85, 0.18~1.91,
1.30~11.98, 0.19~2.59., 0.12~0.59 kg/(hm*>a), 4}
MBS TTREREN 40.37%~47.38% .
5.29%~5.97%. 36.37%~43.79%. 6.09%~8.85% .
1.43%~3.97%. MHIEFEH, RASSERTH RS 5%
SAICEPEERNMK, 58 83.75%~84.25%,
P. Ca, Mg #HBm H 5 AR 15.75%~16.25%(% 6).
25 MR LIERSE

FIHZAZ (5) 5 (6) TR A [RIARUE B oy W iy
TR REITR TR, WNET B, A 1~25

AEA BN DMK B iy B R R, N
29.18~56.79 kg/(hm’-a), P 2.74~5.31 kg/(hm>-a), K
20.14~32.77 kg/(hm>-a), Ca 28.47~53.42
kg/(hm>-a), Mg 7.42~15.09 kg/(hm*>a), fE—Hki¥E%
BIRZ AR Y 38 FR LR N> Ca>K > Mg > P,

MRy 1~7 AFEAAFE W - S R 53 0 R i 87.75
kg/(hm*-a), 8~11 44 I F+#] 159.43 kg/(hm*a), 3
I 81.69%; 12~16 4FA4 th b ARIE B i 2> 13.22
kg/(hm*-a), WD 8.29%; 17~20 4E4E H FARIRBENY
% 14.51 kg/(hm*-a), 41 9.92%; 21~25 FAH I
MR B R % 27.99 kg/(hm*+a), T I 17.42%(F% 7).
AL, FEARMAE 1~25 AN B S TR &
BRI AL 2B A TR, B FREM
“M” T XM T AR A ANE GR 2).
AR, T HEFR I WO B AR AL 5 A (R AR IS AR 3
A7 TIRANE R, AR RIMRIE RS 7 1 45 2 B
Ay 1 LIS TR (e 2 BUE i), AR A
N R = 0E T 5 o N = S PS 1wk £ 1 i
WA—HE, WAL, WA IR 5 B B B 57 43 1
P A5 i A 2 - 33 5% 2 B W A

3R 6 TEKEE ERAZ AR SERTAY 75 245 75 2 [keg/(hm-a)]

Table 6 Amount of nutrient transfer before the death of branches and leaves of Chinese fir forests with different ages

M4 Stand age (a) %+ Organ P K N Ca Mg 41t Total
1~7 k¢ Twig 0 0 0 0 0 0
i Needle 0.18 dR 130 aT 1.25bS 0.19 cN 0.12 eM 3.04T
&1t Total 0.18 dR 130 aT 1.25bS 0.19 ¢cN 0.12 eM 3.04T
8~11 K Twig 0.04 cT 0.42 aW 0.24 bW 0.03 dS 0.03 dR 0.77 W
" Needle 0.62 dW 4.62 bM 5.24 aM 0.86 cF 0.38 eD 11.72M
A1t Total 0.66 dG 5.04 bG 5.48 aG 0.89 cF 0.41 eC 12.48 G
12~16 F Twig 0.15dS 1.49 aS 1.04 bT 0.16 cR 0.09 eN 2.93S
i Needle 1.03 dF 6.76 bF 8.47 aF 1.44 cE 0.43 eC 18.13F
&7t Total 1.18 dE 8.25bD 9.51 aE 1.60 cD 0.52 ¢B 21.06 D
17~20 K Twig 0.39 dN 3.47 aR 2.87 bR 0.45 cM 0.18 ¢F 736R
" Needle 1.52 dD 8.51 bC 11.98 aC 2.11¢C 0.41 eC 2453C
41t Total 1.91 dA 11.98 bA 14.85 aA 2.56 cB 0.59 eA 31.89 A
21~25 K Twig 0.41 dN 3.71 aN 3.57bN 0.57 ¢G 0.14 ¢G 840N
i Needle 1.34dC 6.94 bE 10.30 aD 2.02 ¢cC 0.28 ¢E 20.88 E
41t Total 1.75 dB 10.65 bB 13.87 aB 2.59 cA 0.42 eC 29.28 B

IE (Note) = [RATEUES A F/ING RN Rl — AR B Rl — i A R SRl 22 5 B2, RISIARIRE 50 30K R — 3R 20 AR AR RS B i)
#Z5 .3 Values followed by different lowercase letters in a row mean significant difference among the different nutrients in the same organ at the
same stand ages (P < 0.05) and different capital letters in a column mean significant difference among the different stand ages for the same nutrient (P
<0.05).
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Table 7 Annual absorbed soil nutrients by Chinese fir plantation in different stand ages

i (a) 7= H9[t/(hm? a)] FA IR 7741+ Nutrient [kg/(hm?-a)] &3t
Stand age Productivity Source of nutrient P N K Ca Mg Total
1~7 6.17 17374} Nutrients remained 270 2923  17.87 2442 6.57 80.59
AR B A KA RBE RIS B 0.18 1.25 1.30 0.19 0.12 3.04
MBS B KBRS FR 5 € 0.22 1.20 3.57 424 0.97 10.20
138374 Soil nutrients 274 2918 2014 2847 742 87.75
8~11 10.63 F7 885247 Nutrients remained 560 5730 3645 5026  14.47 164.08
WM B AR A ISR A 0.66 5.48 5.04 0.89 0.41 12.48
A BAERBAIERIR SRS C o 0 0 0 0 0
“AStEEIR” HNFRST D 0.37 3.11 1.36 1.96 1.03 7.83
+3E5%4) Soil nutrients 5.31 5493 3277 5133 15.09 159.43
12~16 11.31 17-F8 574> Nutrients remained 5.79 61.09 3779  53.10 1535 173.12
WM B A KA A E ISR A 118 9.51 8.25 1.60 0.54 21.08
AMEBARKEMNAERTRFRSTC o 0 0 0 0 0
RGBT E 0.43 1.41 127 1.90 0.82 5.83
+3£3%% Soil nutrients 4.18 50.17 2827  49.60  13.99 146.21
17~20 16.51 17 ¥4 3%4) Nutrients remained 6.72 7330  44.69 5824 1641 199.36
WM B AE AR E ISR/ A 1.91 14.85  11.98 2.56 0.59 31.89
AMEEBE KRB RZERETRTC 0 0 0 0 0 0
TRALUHERS ISR 5 B 0.53 1.66 1.40 2.26 0.90 6.75
35543 Soil nutrients 428 5679 3131 5342 1492 160.72
21~25 14.45 17 F 4743 Nutrients remained 5.61 60.77 3846 4866  13.70 167.20
IR B AR KA AR SR A 1,76 13.87  10.65 2.59 0.42 29.28
M B KRB HBEALSES C 0 0 0 0 0 0
TRALER NSRS E 0.40 1.30 1.06 1.77 0.65 5.18
13857} Soil nutrients 3.45 4560 2675 4430  12.63 132.73

¥ (Note) : A—Nutrients back flow from branches and leaves born in previous stand ages before died; B—Nutrients back flow from twigs

and leaves born in this stand age before died; C—Nutrients returned to soil by the dead twigs and leaves growing in this stand age; D—Nutrients

transported into previously born and still survived tissues in this stand age; E—Nutrients transferred out of living tissues.

2.6 PIREFEHHFSTA

AT 1~T AN, A 1 R T BT
FR4r 14.77 kgo FIFASMRES B P9 A% 4G B8 176 B 119
0.52 kg #7453 M LHEFR5r 14.25 kg, 4300 i B A
AR 96.5% F13.52%, R4 7= 1 Wi #& A +4) i
H, B R A7 T 965 kg, MR 5L AT
RIS T 352 kg(# 8).

8~ 11 AFA N, APRIS BEM A AE 7™ 1 iR T4
FE s 3R, AU R HESR S (36 4h 2 ) ax 2
“ANFEERIPE T SR ST) 15.00 kg, FIFHA ARG

BENA MR BERTFE RS 1 R0 1.17 kg, 235l i R 33
Ay BRI 16.17 kg 14 92.76% F1 7.24%, I AKEE BEAK
OEEA T 1 MR IR, A 927.6 kg T B
FIH IR 770, A 72.4 kg TH 0 2 F) AT
MiFERTHA (T3 A 7 1

12~16 fFA N, BRAAE TS 1 U T4 o 5 22
FRori 1531 kgo FHBIFRHK A =ATH, —=2H]
FHUL B3 i 575 12.93 kg, SRR FR 7 i
84.45%; JENIXUEL “UNEAEIYIL T iR Y
I 0.52 kg, dAIHBYFRIT GG 3.40%; =AMk
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Table 8 Nutrient requirements and sources for producing one of whole trunk material in Chinese fir
ikt (a) SR 77434 Nutrient (kg/t, DW) T
Stand age Source of nutrient P N K Ca Mg Total
1~7 A3 5 Absorbed from soil 0.44 473 3.26 4.62 1.20 14.25
EERZBM 137 Backflow from senescent twig & leaf 0,03 0.21 0.23 0.03 0.02 0.52
MIAE S B A Inflow from existing tissues 0 0 0 0 0 0
&1t Total 0.47 4.94 3.49 4.65 1.22 14.77
8~11  ASNAPGM 0.50 5.17 3.08 483 1.42 15.00
MEEEAR R Backflow from senescent twig & leaf 0.06 0.52 0.47 0.08 0.04 1.17
IR B 5% A Inflow from existing tissues 0 0 0 0 0 0
A1 Total 0.56 5.69 3.55 491 1.46 16.17
12~16 3R Absorbed from soil 0.37 4.44 2.50 439 1.23 12.93
MIEZAL AT Backflow from senescent twig & leaf 0.10 0.84 0.73 0.14 0.05 1.86
MIRFEER B % A Inflow from existing tissues 0.05 0.10 0.13 0.14 0.10 0.52
A1t Total 0.52 5.38 3.36 4.67 1.38 1531
17~20 IR Absorbed from soil 0.26 3.44 1.90 3.23 0.90 9.73
EERZBM 1 Backflow from senescent twig & leaf 0,12 0.89 0.72 0.16 0.04 1.93
MIBFF R E 5 A Inflow from existing tissues 0.05 0.11 0.10 0.07 0.08 0.41
&1t Total 0.43 4.44 2.72 3.46 1.02 12.07
21~25 M EHEPIIL Absorbed from soil 0.24 3.16 1.85 3.06 0.87 9.18
MEEEAR R Backflow from senescent twig & leaf 0.12 0.96 0.74 0.18 0.03 2.03
BB # A Inflow from existing tissues 0.03 0.09 0.07 0.12 0.05 0.36
A1 Total 0.39 4.21 2.66 3.36 0.95 11.57
IF (Note) : ASNAPGM—M SISy FR5> (BLFEANFER) 8 4F LT AR 4 i HLAE MOARIE BN A7 194 B b i #843) Nutrients

absorbed from soil including the portion supplemented into the materials born before 8 years and still alive in this stand age.

& BN AR SERTFE RS 10 3540 1.86 kg, (A IR
R 12.15% 0 2R BOMR A 7 1 A T 5
o, XU AR RS SR 4 R
HFET 34 kg, BUTARSERTE R SR R A T
121.5 kg, FIHIES04 ™ 844.5 kg.

17~20 4EA P, A7 1 ISRy 4 5 R ) A
FRor W Ak B RSy, X ARG Y 7
REERS IR, BRI B N R ARG S T RS 1
Feor. MIKJE 9.73. 0.41 F11.93 kg, 43515 FIH Y
FEor R 80.6% . 3.40% 1 16.0%. AEA = 1 Wi}
THEh, A 34.0 kg A XL “ABAATE P 57
rhi R SR A HAE 8, A 159.9 kg ZFIH
e Ak FE R RS 0 SR BRI R AR 7R R, A3 806.1
kg AR H EHESRE1

21~25 4FH P, Ax = 1 R 5T R 1
FE5r 11.57 kg, Ho, MEEPFRENIET 9.18

kg, FIFHXLEE “ABFEE Y 7 LR b3R5
0.36 kg, FIlFHZAMIE Bt P8 &L v 4 28 117 7 55 16 5% 53
2.03 kg, A3l di RIS SE R 79.3% ., 3.11% Fl
17.6% PRI Bebhsr 7= 1 i T4 s, A
TSRSy, DGR AR I TR
IR 43 MR A SE W55 B 1 3% 4 o0 i AR 7= T 793.4
31.1 1 17.55 kg,

UL AR, R AR B A A B A= K
B BEFE 43 R AR N R, PR 2E 1 B B 21 Ui
TR HRCR T LT, R R, R £
20 b BRI IR B EL BN 1~7 4EAE 1Y 96.48% HF
2 ) 21~25 4E4E 1 79.34%, FI BB AS FE T
MBI AR EES BN 1~T7 FAEN
3.52% FF4E F IR 21~25 4EA 1 17.55% ., Mixse
“UBAETE R RS R SR (A TEMR S
AP A KB B 5 A &k A) o BRI R 53 1) H A
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3.11%~3.40%, BEMIEIGINEA TR, (HARfLiREE
Z:jto

3 SR

31 5RFRIEMARMEER

ARHIFGE 1~20 45 A 1A [RRRIE AR 43 552 20 1 L
KRR TR ICES 1. 5 2 F2E 3R KM 6.
9. 15, 19 FA Y (FHI 28§54 35 PO g 23 ] 25
LARIZAMES 7. 10, 16 F1 18 4EA: ARG, 57 HR
PR, A sl VR Y R g 2 D2 1 AR AR 35 4 R
ORI MR = 7R+ HIE 7 SRS TR
B, TAHESE R A 2 21 5 B L RS 1Y 3R 40
XU “ATAETG IR ThEERS NSRSy, Skt
B TR Es A —RBITLEA 0, RO A R
B

AT FE RGN G R EAR A e A K By B 37 4
FHARSCR BRSOz i T, et K B B s 2
DAY AR 3G I L. X S AR A LR M FR 4
FHACR BRI S I A A F e, R Ao
MRAY 8~ 11 4F Az s WAL B - 18 57 o0 AS AL 2 AR A
W4 BEARAT 4 AR P T AN, i L AR AE I R
() e SR A rh g i 7.83 kg/(hm?-a) FR40Hii% 3] 8 4E4E
Z RIS HAE 8~ 11 ARG AR R (5 7),
BB AR T 2RI Bt PR A 7 1 3% 43 R AR
FEEINE 6~9 AT H T A =055, HJAh
BT R AR W P R R 3R A R TE A 1Y
F5y, IR B T B L 1 HE R 4 ik B
6 AFLE DLFTAE P2 1Y FLAE 6~9 4E AR 00 0% 5 19 28 W)
o, PRUTRAS T2 BE 9 4 R A e S R T
IR 1 o
32 EMMAKERNBEAFHOFSBFANFEETK
EF

A B IG5 A 1 TR FH 3% 0 i o R R 3R 4
S LA B PRI SN I A o X2 AN [RDAR S A A3 1Y
G AE R A 1Y o A AR H SRR, AR —
EMAEREW, 24 KRR E RT3 ik 4
KW G A SRBE, BT LUK AR DA B B A4 A8
Ao MHNE 1VEH, AL RT3 8RB B
(1~20 44, IR A = mB AN . X e k2
JE KA B W AE T, BT LA B 388 i A BT
B L2, MRTERTE R IR i Wi £, B
TYF ARt L, T, WARARKE TR
TIEFIASE P 14 A B AR 4 o 6 A Il BE R 55 A8 1 93
P AE AR A

SRS ARMAY 12 44 DU, A R AR “ATNHF

W thEER SR TR AE T, X5
W % B B B AT F2 0 75 3Rk, DL AR 1) 37
A3V HLH SR B SR WA DG o A2 AR Mgl 3 e A=
KB THRACHAER, A=W i 255 5
AW AT T, AR AR A K AT I SRl . BT LA,
XA B BBk e “ARAEIE 7 AR AT
e RS R PR, T L 75 B SR AN TT
MROARIA G, A7 A T AR 77 B, ) 5 JIr it 5% 4%
W, XIEZEETIAREST D TE IR, Xt
TR WS I R IO S ms e, Rk, ARy A
Jei . B P9 3 43 T4 e ML 42 ) o R R A X sk
“APAFIE IR RS 53 3% 00 e B i R E B
Yy e, AR /A, SRR (11 4F
TG, FEARMR N F5 43 IR AT LG Ak 2 “ATHA7IE 1Y
VIR N 57 s A A
33 WARFSHNBEARHPHFSBFA

Mo T A 7= 3553 I AR K F 48, L
I 56 FIT 35 A% A S5 40 T B8 “APAEIG P s 7 N 5%
B WS 5 T YA S, EINAE 1930
AR IR XA 0 35 57 TR S, 2B R
IE R 2540 FEROSCR FE ) JR SR AT AY %
TSR] A 6 BRI 00 N [R5 3 R A
SRU D) Ty AN FCER B X A ) I 5% 43 T AR ) R
Mg ests - HI TP 5 B 26 W SR o FE ) o A 7
HREFHBCR . RRE, 20 42 50 4R(0, —sbsgg i
J R AE AN R R B L TA R A AR A 2L i 55243 7T L iz
iR, Mille fRAFXFPEAR, 7EAb A Xt 37
ICREMARN I G AR T 4500, Lim 4%
BN T AR IR NG AR, R TS AR Y
BB FRE S A, Mille A X I B 3%
A ATIEAE A AR IS (A4 Hkh 78 W AR 7 v
Jr s R4, SR, B H AT kISR WA B AT 4
BN R IR A HGE . DA EE L E
e P B T A B8 B R A AR P R A e R A )
3.52%~17.55%, “XUANIEEYIR” NEFFE
AR A R R 3.11%~3.40%., A
W, AT A = Il SR o, R R A
MIFR5T, 2B “XEANAATG BT 7 NGRS Y
I, DLRKM A SERTRE RS B 3R A B AL, RN RE
LS b S AR S I8 A v R 3R 53 1 S Bl i
34 WAFESHNBEFFHFESBFANENX

IR NI B0 R 5658, A7 2036 1 4 4
PN, 8T BB L U Y o0 A D 2 B 3 P i R A AR
Pk, TEAR YR P 00 A7 B B R B4, DA T ik 2 %
PR I ST ARIR N IR R A R R R 1k
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SR R T R A T RIS T
FEMATT B = P TR, 8 T Fe 4R
B, IR T AR MO RERY; BCSEFe 4 L P
PRI K, W T RO L e A e, i
PR T 2 A T S0, MR R RS
i 53 10 TSR 7 43R W 1 16 95 53 )
WENERT BB IR RE , FFFLL, ARACHR P RS 1975
FE PP 625 P 1 25 28 5 2 AR . R B
R E M TR A A2 B

35 WAFSPIERH %S BA B HRR

Bt RS SERT % 5700, AR R e X 8 “ 577
AP AEARS IR A, Al RER T
TR R TE SRS, (HA RIS P 1
A —E AP N IR FRE RO UK S -0 dnT g
JERRIRATE AR KR AT sidr, BWisL T E
ATTAESR 23 HH X 20 1 L AR B9 AR N SR 23 I 48 B
P BCAL] 51 L s B A T BER AR B B AE L A
BUURPE RS 07, AES) —Se A PR F R ]
AEZ U7, XML IR F I A AR P 3R 20 1 5%
R RIFERI I s BEAA N B3R 70 56 B AL A T2 —
AR S IR R B AR AR R, XA BAIL I )
WFFEAT I — DA F M PR, fe s RN I 37 00 e
A FIPE I P 6 PR ] P AL o AT S e 2 LA 252 it
P LR Y R )R
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