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Characteristics of nutrient translocation before branch and leaf abscission in a

second-generation Chinese fir plantation at different stand ages
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Abstract; To provide a scientific basis for the sustainable management of plantations, continuously determined basic data of
25 years on the characteristics of Chinese fir plantation, including information on nutrient transfer before branches and
leaves wither, were studied, and the changes in nutrient transfer with forest age were discussed. The results showed that the
annual average amount of nutrients transferred before the branches and leaves withered was 3.22 to 31.89 kg hm™ yr™',
among which, the leaves accounted for 71.31% to 94.41% and branches for 5.59% to 28.69%. The amount of nutrient
transfer in the branches increased with increasing forest age. Before 20 years of forest age, nutrient transfer rate of the leaves
increased, and thereafter, it decreased. The nutrient transfer rate of the branches was 20.97% to 22.59% , and that of the

leaves was 22.98% to 26.06% , and these increased with increasing forest age. There was no significant difference detected
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in nutrient resorption rate among the branches in different age groups and leaves older than 7 years (P > 0.05) , except in
plantations 1 to 7 years old (P < 0.05). Among the elements transferred, N and K accounted for 83.75% to 84.25%, and
P, Ca, and Mg accounted for 15.75% to 16.25%. The transfer rates of N, P, K, Ca, and Mg were 24.59% to 34.53%,
36.36% to 46.64% , 42.86% 10 51.27% , 3.68% to 7.35% , and 3.67% to 9.56% , respectively. The nutrient resorption rate
was mainly controlled by the nutrient concentration differences between before and after leaf litter fall and nutrient
concentration before leaf and branch abscission. However, the amount of nutrient translocation is not only affected by
differences in nutrient concentration before and after litter fall, but also depends on the amount of litter fall and the growth

status of Chinese fir plantations.

Key Words: Cunninghamia lanceolata ( Lamb ) Hook; branches and leaves; nutrients; resorption rate; inner

nutrient cycle
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N T PRIERE il BT AR 7 B — YR AEAE Al 1 H B O PRI (AR 5 i - g - 2 A 5 AR IEAS)
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Table 1 Stand characteristics of chinese fir forest at different stand ages

it W -t SR A Biomass/ (t/hm?) it
Stand a;e /a Densityz/ Mean DBH/ Ave.rage tree T 3 53 nt biz) Totalg
(#k/hm?) cm height /m Stem Wood Stem bark Twig Needle Root (t/hm®)

7 2130 8.2 6.51 18.41 3.79 4.90 7.78 5.18 40.06

11 2080 11.7 9.83 32.09 7.70 12.60 11.99 11.27 75.65

16 2046 13.4 12.74 51.19 12.48 18.99 15.76 18.25 116.67

20 2016 16.3 14.62 82.39 19.60 20.05 16.60 24.45 163.09

25 2005 17.5 16.33 111.48 28.88 19.99 17.25 32.64 210.24

1.3 RIRIMRES BB HFE A

5 R L SRS S R R IR 9
Wy A TR IHHRE S BT HEAR 76 80°C TRLRE TR RE A At
TR, R A KR I A VR I g A Wk
FRCT R AR R 6 400 2 A R Y 2 i BRI M g
R B SR L RE M b A 5 T (R U 9 0 TN 1
AR H B | AR RO R T B
1.4 FoE

6 FR IR A I (9 BT R I T R B e 1ot
60 FIT#iJ5 452 ZEME 152 (e TR 5 7 i) 120 i 0 v
W, MU N R BORELIR 4 P A
HIGE 4 K 4> Ca % Mg 2 FJE TR0 FE -
. AT NE 3 K, 3 W I T »
YERTHE AR AE, ARSI B AL | Y 5% 20 Wk B 2 7E 1 W E

7 N 11 N 16 \20 ﬁziﬂl 25 ﬁzi—tlﬁ' y {mﬂ%ﬁﬁﬁz%f%ﬁﬁ% Fig.1 The observation site location
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FEOPHEE Ry K, 16 AFAEBFINGE 192 W, 27 W-K= 1,45 1 BREL 11 4R % 16 4RA4 3 BLAREL (5 4F) B4 12
ARLEI IR E D K+0.2, 13 AFAEIS Oy K+0.4 MKURRHE 16 44220 K+1=W, FRREAEAF S0 B fEAR I BR LAIX
Al B AR R RN b 11 AR RO SRR BEAR, VRO 11 4F 2 16 4F AR ARl B AR K 3R 7K
1.5 AN[RIARS Bk v U8 78 AT SR 0 R A AE AL R AN B
SRR P 1T B 7 3R BE 2 22 Je s TR ARSI A Vi BRI IR 7 B R Bt o ARl BEI 52 9 A2 K
TR SRR Ly, , MRS B 5 UR VB IR0 BE A Ly, o SO BER S07 TR RS - V& o W,
TR 2RI BERZAKL HAE V& TSR 5 A (1) TH3E . FRM B R IR I e (B 52 7 i 20 A
A (2) 5
M = Wx(L,,—L,;) (1)
R =(L,—L,,)/ L,;x100% (2)
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X, M FTR RIS E B AL I JAVE R R e Bt (kg/hm?) s R NFRPFERE R (%) 5i=1,2(BL ) .
1.6 Btk it

JIABHE LS Excel PFALER, T SPSS 20.0 BAFHEATEETH AT . R B/ b 25 22 574k (1LSD) R [ AR e fisf
WS AU A SR SR UL, A DU R A R e R B A 22 S AT W B AR S, K P o= 0.05,

2 HR55%

2.1 RIFVMRIG TR A R A IR S B AR

M 2 AL 3 7 ] — MRt A2 ARSI A IR 700 R R T IR R R A8 SR U R . BR 7,
11 AR RS-SRS R Ca WE 16,2025 ARG I 5 P M Mg e 22 7R 3 5M(P>0.05) , Hidk
[ RAE I, 35 P A o o []— 3R 00 JC R B R IR 2 57 136 (P<0.05) o [R)— MR IR A T A5 R P ALY Ca
W HE 2 6], Mg Y€ JEE 2 19 22 53 S 535 ( P>0.05) , A% 5 PR A 1 N HE 2 ], P 9k JE 27 i), K JE 2 i 2 57 i
#(P<0.05) ,

81 OWARN  OHSERN  SIERKP  BHERP B IEEEK
@ MiFER K BIEAE Ca  mAZEHCa  OFAEEMz @ i5EE Mg
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a a a
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FRAPIRIE

Nutrient concentration/(g/kg)

" nn s}

20
] Time/a

B2 FREWGEEZAEHFEZORETDRE (2/kg)

Fig.2 Nutrient concentrations of live and littering shoots of different ages of Chinese fir

[] — bR A AR R /NS B R 7R 28 S R 35 (P>0. 05) , AARIEIFR R 25 5 . (P<0. 05)
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B3 AEHBHEAFEOFBEHNITHFFESIRE (g/ke)
Fig.3 Nutrient concentrations of live and littering leaves of different ages of Chinese fir

A — MR A H R /NG TR R 2 AN B35 (P>0. 05) , ANAHIR #6822 5 2. ( P<0. 05)

T A 5 YR A I 945 5 4 TO B MR A X 25 (E (IR () S5 IRVE AL (i) FEFR 43 T R IR I 22 ) K/
FF AT — RIS, & N>K>Ca>P>Mg, Bl KSN>Ca>P>Mg; FXF 28 (Gl AL (M) 508 76k () Fo3 0t %
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PIHT K>P>N>Mg>Ca, 16 44 fF P>K>N>Mg>Ca,
2.2 AS[EIARIES A - U

H R BRS B R AT () R VR A i f AT AR I A SRS ARMAE 1—7,8—11,12—16, 17—
20,2125 AFLE MU BE AR V8 BB R YR 0.496,1.730,3.098,4.903 #14.694 t hm™ a™' (% 2), A
RIS AZ AR VE IR 5 AZ AR A K SR 06 . AR B Al i — R K 5 AR IR AR BE ARG IR
ATHE S RSO, B A5 AR R IAE 10 4R 2540 0 TS RPN GRS 10 448 2245 BHR V& B i A 25
TRZ ; BEAE RIS ARG N, SR AR R BAS B A JE L IR 9 1 FE BTG 22 . A2 AR R A 7 it S R 2
SRR G, — M 10 ARA R A2 ARMORE 2 T GBI HAT, o T 901 562 N G B TR s A AR R IS
B T2 — BRI T AR, 10 4R AR 5 MO 2 A 25 4 | A ARG FR AR B, T L 12—20 4F A= A ARl Bt
R IE A B INER , HEA T AR BOMGE 2 AR S AR B, F SRR I 085S , S BRI

®2 AREHBEZARKETFFEZENEITE(t hm?a™)

Table 2 Average annual branch and leaf litter of Chinese fir plantations of different ages

MR B Forest age /(a) 1—7 8—11 12—16 17—20 21—25
JH7%H¢ Withered branches 0.052+0.004aA 0.175+0.014bA 0.700+0.043cA 1.750£0.151dA 2.004£0.123A
JH7 M Withered leaves 0.444+0.026aB 1.555+0.098bB 2.398+0.156cB 3.153+0.227dB 2.690+0.195B
A Total 0.496aC 1.730bC 3.098¢C 4.903dC 4.694C

SEYEARAER W — AT A M R /NG FRERIR ZE A B3 (P>0.05) , AHIF R IR 22 57 5 (P<0.05) 5 RIS B[R] — 3t A7 A8 R 19 K 5 - &
FREFARE (P>0.05) , AHFFRZER BE (P<0.05)

2.3 B PR IEETIR RS AR
231 KMPEIEETNSR R E

3 RW SFAZAM AR 25 4FAE AN [RIARIE B Bk - U8 95 117 (9 47 24 552 43 5% 7% 5 R 3.22—31.89 kg
hm™?a™', Ho KR035 0.18—8.40 kg hm ™ a™' | i B Y 2.17%—28.69% , M i 3543 e o it 3.04—
24.52 kg hm™ a™", (5 S it 71.31%—97.83% , W] WL, 23 [FIAZ ARG - 3 I 04 5% 3 e A 246 4 fh i BTk

MR 3 EF W, B N P K, Ca, Mg 4F ¥ & 53 5l )& 0.05—3.57,0.006—0.41,0.11—3.71,0.006—
0.57,0.008—0.18 kg hm™ a™", 4351l 5 B (55 8% S 19 27.78%—42.50% ,3.33%—5.30% , 44.17%—61.11%,
3.33%—6.719% ,1.67%—4.45% , M N P K Ca Mg 554092 1.25—11.98,0.18—1.52,1.30—
8.51,0.19—2.11,0.12—0.43 kg hm ™ a™', 433 5 i A9 56 45 5 19 41.12%—49.32% ,5.92%—6.42% ,33.24%—
42.76% ,6.25%—9.68% ,1.34%—3.95%, SR EFH N P K, Ca Mg MK IKJE 1.30—14.85,0.186—1.91,
1.41—11.98,0.196—2.59,0.128—0.59 kg hm™ a™", 53] 5 #2573 B B 1 1) 40.37%—47.38% ,5.29%—5.97%,
36.37%—43.79% ,6.09%—8.85% ,1.43%—3.97% , VA L43H1E i, RIS A2 AR -8 P& w0 R 35 e vb 1
TN MK X R OCR A, A 83.75%—84.25%, P Ca Mg iX 3 Fie R H i & 15.75%—
16.25%

KIS T & TR0 TR e 2 SR VR Y A TR AT A T IR BE | DL P T S A R A
TR M (LR HE) A 56, S BER S AR X A — A e E i 5 AR A, R, JesE 4 3R e R 5%
i R RIS ENZTR U R MR, AR P T S ZOC R WK E 2508 . LGSR 2 FNIEL 3, AH [FIARIE AL
PHIEETEY N A K ¥R i HR -V RT 5 IS N A K AR 22 (AR, I Hee s th i &2, R i 9%
HIE P AR EEAR/N , HAHJR TS T 5 0 PV BE 2 4 XHE /N, S B /b BAAEI A IEHT Y Ca Mg
BOUR ALK ARBHVE T G B AR B 22818 BT L Ca Mg WG RS b /b

1—7 SEA BRSPS Ca, HHEYERTH P 5 Ca, K 5 Mg, 8—11 4EA4: AL TS HTHY Ca 5 Mg FU4E
Bt i 22 AN W (P>0.05) , HAR [RIARIE A 8 3 HiT 09 &0 R 6% & 25 7 i & (P<0.05)
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®3 FARHBEAKETBENNFESEFHEBE/ (kghm?a™)
Table 3 The Annual average amount of nutrients transferred from before litter fall branches and leaves of different age-old Chinese

fir plantation

" p o
Starjzk ﬂfge/a IJuE N P K Ca Me T”of;
1—7 e 0.050.003aA 0.006+0.0003bA 0.11:£0.007cA 0.006+0.0003bA  0.008£0.0004bA  0.18A
- 1.25+0.086aB 0.18+0.013bB 1.300.071¢B 0.19+0.014bB 0.12£0.009¢B 3.04B

&t 1.30aB 0.186hB 1.41cU 0.196dB 0.128¢B 3.22B

§—11 e 0.240.018aC 0.04:£0.003bC 0.42:£0.027¢C 0.030.002dC 0.03+0.002dC 0.76C

8 5.240.383aD 0.62:£0.044bD 4.62+0.299¢D 0.86::0.046dD 0.380.023¢D 11.72D

&3t 5.48aD 0.66bP 5.04¢P 0.89dD 0.41eP 12.48P

12—16 e 1.04£0.065aM  0.15+0.008bM 1.49£0.011cM  0.16+0.009dM 0.09+0.007eM 2.93M
i 8.47+0.651aN 1.03::0.066bN 6.76+0.495¢N 1.440.079dN 0.43+0.028¢N 18.13N

At 9.51aW 1.18bW 8.25¢W 1.60dW 0.54eW 21.06W

17—20 B 2.87+0.176al. 0.39:£0.029bL 3.47£0.237cL. 0.45+0.032dL 0.18+0.012eL, 7.36L
i 11.980.703aK 1.5220.099bK 8.51+0.611cK 2.11+0.153dK 0.41:£0.026¢K 24.53K

it 14.85aR 1.91bR 11.98¢R 2.56dR 0.59¢R 31.89R

21—25 e 3.57+0.207aX 0.41:0.027bL. 3.710.263aX 0.57£0.037cX 0.14+0.010dX 8.40X
- 10.300.703aY 1.34+0.096bY 6.94:£0.402cY 2.02+0.131dY 0.28+0.019¢Y 20.88Y

&3t 13.87aT 1.75bT 10.65¢T 2.59dT 0.42¢T 29.28T

SEPE AR AR [ — AT M R /NG FREFR 5 A .2 (P>0.05) , AR 3R 25 5 1 (P<0.05) 5 JEAR IS I [ — 3 th A 48 [ (9 KR 5 5 1k
FRERABE (P>0.05) , A HFEFRZESF B (P<0.05)

2.3.2 KM RIS ETSR AL R AR AU RAE

TE— & B TR I TR T 4 32 0 C R B K/NITUF & KSN>Ca>P>Mg, T894 1T AR iP5 52 (1 45 37
SICE R A/NIT S EBA TR, 1—7 44 KSN>Mg>P = Ca,8—11 4E4 /& KSN>P>Ca>Mg, 11 4F
A JE R KSN>Ca>P>Mg, M 2 ] 1, AR —bRis B 36 i 45 5% 20 70 3R W R/ IMR O N>Ca>K>Mg>
P, 11 A DIRTIE R 2 Ca>NSK>Mg>P, 11 4R UGS & N>Ca>K>Mg>P B4 ARiE B A I8 75 i i o 4% 557
ST IR RS TR/ 5 MR B IS A 45 5 40 DU R VR B KU/ IVA B3, ARNMER M PR TR IR R B SR A T R
it 5IE A X TR R A AR,

1—7 A I B R I BT AR Y 35 0 R 0.18 kg hm ™2 a™', 3] 20—25 4FER) | T15) 8.40 kg hm ™ a™' | 55
GY R S BEARES B N3G N . 7E 20 AFAE DU, W08 98 B ARS8 95 0 6 B e N B 1 T, 20 ARA DUE A T N R,
BEARIS A AR fh 22 B IR . BTE 00T, BVE R 32 0 e e it o B 1 2.17%—28.69% , M IRV 1l (1 76 B
B 71.31%—97.83%, PRI MROMETH R AT I3 5056 78 S AR A2 A sz i i S o et 4l , 5
M AR AL RLEE AR R, 4R 2 3 RIH, AN VA AT AY NP K Ca $6 850 FUAEAS Ak, 430 SRR 45 1 7
iR AR . Mg A AR BRI TE BT RS 1Y Mg &t ZEAK ST 20 4FAE DART 2 FFH# 20 4F )5
BTG T RTERTEE RS I Mg B, A4S 17 4FE4E DARTRWIG N, 17 4548 5 SOE M I .

A I 95 114 5% 43 T A B BB MR 1) 228 L TR Fh A TR AR 1 0 5 A et B U8 Y i RIS 19 35 00k B 251
PAE KGR 3 RIER 2 LA, ANHE & BURL U 7 i 35 43 A%t (W A AR A S5 AR V% B AR AR R AW . AR
2 FE 3 A, B R T S5 1 K 5 K Mg 5 Mg Ve 22 (B R ARS8 i/ (0 K R Mg 1565 AT b
ARESHE IR T DL, Al - 7 75 43 A% 18 A A8 A 2 2 A2 R TR AR B 8 % P st it o) 240

17—20 4FA F1 21—25 4R A NI RCPR TS TG P R it 2 0] K # R 2 0], DL 12—16 4FAF 17—20 4F
A I IR T RO Mg #5882 () 22 5 R i 3 (P>0.05) , HAY R RIS B sl - 08 & mT AR R e R e s i 22 5%
HL% (P<0.05) (£ 3)

2.3.3 KOS MRVERTSR R R i
FE ORI PR P8 T AR IR e A S AT LA o TRl — RIS VR RIS N P K Ca Mg 56 H%5 5 53
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5 3] B A5 AR SR 2 (A I v T 97 70 e R AR I 7

BAR IS AT AN TR Y 2.9—25,3.2—30,1.9—13,3.5—32,2.0—15 1%, HZ 5 B3 (P>0.05) , It
AERIFR AT RS MR R R 2.5—17 £, X2 B T RCIR YA 1S % 2 v B 25 (6 /N 5 VR TS AR TR], L RO
[ P s AR P R e AN ) i i) . A He g IR 2 S5 3, Tl — R i i R 9% T 4% 92 20 e R R 22 (AR R T
KPR TEHT T 00, RIARIE I U8 75 R P P50 1.3—8.9 £ (35 2) , Xk i i M AE Y 3 /0 e i e R TAR Y
HEMZIE 2S5 83 (P<0.05),

AU 7 T 3 03 5 7% BB AR 10 A2 AU AFTE 2200 o ALY 5 706 B it BAPRIZ 8 I img 8 n , w- BepR 1) 22
bR 2k, D0 BRAE 17—20 AF2E PN 30 RO A I A KRR, WiARist , & i 08 9% sk /0 Bl
ARSI N, B R P S B g, 8 25 A I LA ASE (4 e T EL T T . 40T, Fh PR s — ELR A T 3 ]
£, MR SR 4 | A K 2 (] A2 2 BRI, 0T UM AR A 21 20 45 A LARIJR 78 (0 ka2 3 i e K s 1A T LA By
BOWRGE 2 AR B, 9 A 1 23 (8145 B 0t S B0R 5 i o s IERAnt, S ECT RS SR RS
2 DA AR (1 A8 Ak 25001
2.4 K M RVERTN SR R R

FE 1—25 AEA AT — MU B, BORVE AT 45 B IR 0 R R R A R/ NMIUT & K>P>N>Mg>Ca,, 17—20 4FA4 K
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Fig.4 The average annual reflux rate return of nutrients in branches of Chinese fir plantations in different ages
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Fig.5 The average annual reflux rate return of nutrients in leaves of Chinese fir plantations in different ages
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