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Abstract

Aims Under the context of global climate change, scientific management is the main way to enhance carbon
sequestration of plantation forests. A reasonable rotation is one of the intensive management strategies, adjusting
forest structure. The decline of productivity after continuous multigenerational cultivation is strongly related to its
rotation. Therefore, it is necessary to study the effects of different rotations on carbon sequestration of Chinese fir
(Cunninghamia lanceolata) plantations, which can provide a theoretical basis for their sustainable management.
Methods We set up sampling fields of Chinese fir plantations with different age sequences, and used the obser-
vation data to test the FORECAST model. We then simulated the effects of different rotations on Chinese fir plan-
tations sequestration using FORECAST model.

Important findings The results showed that over a 150-year period, total carbon sequestration was highest under
short rotation length (15-year). However the carbon persistence was poorest and the decline of carbon between
each rotation was biggest, indicating an unsustainable management model. Compared with short rotation, the total
carbon sequestration under normal rotation (25-year) and long rotation (50-year) was lower. However, the carbon
persistence under long rotation was strongest, which was beneficial to maintaining carbon stability during each
rotation. Under good site conditions (site index (SI) = 27), the shorter the rotation was, the more severely the soil
fertility was consumed. In order to have persistent carbon sequestration rates in Chinese fir plantations, we sug-
gest that rotation should be longer than 25 years. Application of FORECAST model can help quantitatively assess
carbon sequestration capacity of forest plantations, which varies under different management strategies.
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#&1 HEFORECASTHIA )3 353
Table 1 Values used to calibrate FORECAST major parameters
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LB
Major parameters

Rich site condition (SI = 27)

SRR SEH A2

Poor site condition (SI = 17)

NG TV EA A

Nitrogen concentration in leaves (young/old/dead) (%)
IR P (ZE 1L 1250 81)

Nitrogen concentration in stems (sapwood/heartwood) (%)
GRUMR L (VS 12/ BEAR e )

Nitrogen concentration in barks (live/dead) (%)

G P (T WA 1T )

Nitrogen concentration in branches (live/dead) (%)
TR BE (RILA IR0 F)

Nitrogen concentration in root (sapwood/heartwood) (%)
GRIR P (T AR T AAR)

Nitrogen concentration in fine roots (live/dead) (%)
NN SE NG

Shading by maximum foliage biomass (%, full light)

o1 AR AR ORI AR AR B

Soil volume occupied at maximum fine root biomass (%)
RN EN N &

Efficiency of N root capture (%)

LR B I 18] GRT /22 TR BER)

Retention time for young/old foliage/dead branches (a)
AR R e

Fine roots turnover (a)

Sk g S

Decomposition rates of sapwood (by litter age) (%-a™)
LNy iy

Decomposition rates of heartwood (%-a™*)

B R

Decomposition rates of bark (%-a™)

WA AHLAR 70t

Decomposition rates of branches and large roots (%-a™)
BRI AMfR

Decomposition rates of needles (%-a%)

MRS R

Decomposition rates of fine roots (%-a™)

1.53/1.36/1.13 1.21/1.11/0.93

0.14/0.03 0.12/0.03
0.44/0.27 0.37/0.24
0.67/0.52 0.55/0.47
0.37/0.06 0.35/0.06
1.17/0.97 0.96/0.79
8 30
100 95
98 100
1/2740 1/2/40

0.95 1.35

1-5 a (2.0); 6-10 a (10.0); 11-15 a (30.0); 16-20 a (20.0); >20 a (4.0)

1-10 a (0.4); 11-15 a (10.0); 16-25 a (15.0); 25-40 a (10.0); >40a (2.0)

1-5 a (2.0); 6-20 a (12.0); 20-40 a (20.0); >40 a (4.0)

1-5 a (10.0); 6-10 a (45.0); 11-15 a (35.0); >15 a (4.0)

1-2 a(27.0); 3-5 a (30.0); 6-10 a (40.0); 1-2 a (20.0); 3-5 a (30.0); 6-10 a (40.0);

>10a (3.0)
1-2 a (30.0); 3-4 a (50.0); >4 a (9.0)

>10a (2.0)

SI, SLHIFEEL.
Sl, site index.

T VPO R, PSR 22 | P R e 22
TG 5 S BEAT 2 1] 3005 )5 45 21 ) B R R
AR R B AT LR, BBAh, BT T A ANE
bR, H— M EbRETheil %5 R H(V):

D,
=g
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Horb, DO ULIME 5 TROUME T 2 18] () 2248 n2 H0H 1)
MG UETO, o), WU = 075 2 1 Pl R R
AR B, UELBR AR 28 Py ol 2% Sk 22

AR R AR (ME):

20 2)

D" (Observed; — predicted)?

WRME = 1, RBARIRLF, ME = 05K 8]
Y HAS B — /N 7 B P I E R B, W RMEN
HE R R PR 2 .
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4 RS

4.1 AERKEAX BEYERHRENT

WELFTR, K15, 25F1504E 3R AR [F 41X,
B, HA504 (8] ) S AV B A AE 22 e Ve o AEZE ST
AN (S =17, FHE), SRR H4203.88.
198.4271154.44 Mg-hm™, S JH 45 ARI (154E) 35k
77 2 AR ) B Bk 43l 1 R AR B (254F) (191,03
fEFK A AR A (S04E) 1 1.324%; FEIF ISt 2614 F
(SI = 27, N, SAEYIERKS) M 501.65. 517.62
#1329.88 Mg-hm™, R ARy it s
i oy il e 1E R AT 0.9 7 5 A RS AR Y
1.52ff . i LHSFAFQnqRT, 71504 [H) FL 48 A% A0
1 B AR I 7E S 2R W B T T2 RN (2.7 %
3.1%), B FH R e A AR 2ot A= P s AR B K
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Table 2 Comparison of FORECAST model simulation with field data in Chinese fir plantations

fEbR MFHAF

PFHAN

Mo AR R

Index Top height Dominant DBH Total tree biomass Ground cover biomass
FH4{RZ Average bias 0.66 m -0.47cm -5.89 Mg-hm™ 0.01 Mg-hm™
FI4a%H R 2 Mean absolute deviation 1.01m 0.98 cm 11.38 Mg-hm™ 0.59 Mg-hm™
FeIRFRAREL Pearson’s r 0.97 0.96 0.95 0.82
RIRRHL Theil's r 0.07 0.07 0.13 0.21
I3 Modeling efficiency 0.96 0.92 0.95 0.85
BKHA{5 ) Relaxed e* (a = 0.05) 1.63m 1.69 cm 21.91 Mg-hm™ 1.03 Mg-hm
B/INAT{S P Exigent e* (« = 0.20) 1.23m 1.27cm 15.94 Mg-hm™ 0.78 Mg-hm™

e*, HiHZAIRFRE .

DBH, diameter at breast height; e*, value of Reynolds (1984) critical error at two different levels of confidence (95% and 80%).
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Fig. 1 Effect of rotation on total biomass carbon. SI, site index.
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7 M 2 5 U R R R BRI E O, O B AR TG
B (PR T R R, X 5 FORECASTRE T [ 37 1 %
BT Ok, AR T 2 T R IR AR T
(Rpkth, 7528 AR (B SR IR THzE ) VR
W93 i 2 75 305 B L FRE 2 I R A FR R, Jd K
(32 PR B BT A RO SRR PR ) R A PR ER . T4 )
SEHL IR AR TR, BN AIASCR R — B 7R
FE L EE T MRy, SRS [RIES AR AR 10 R B
LR, R EK AT . 530
L, BRACRAAZ AR TR AT E IR R %,
X b BV RE AR . (RIS AR R S Ak
TR, AR TFEARKR FRERE, N7
TIEMP SN, K RGE LIRS, R L —
SEMI TR S, RN ARG E X bR
TP PRAESE, 2000).
42 A RREERERE ., FHFEERENED
RALHAEIRRE MY

WIE2FTR, 2RSS, 1504F 8] %
A [ 2 R B St T B PO R MR Ol s R R AR
(15%F, 360.88 Mg-hm™) >IF# %1% (254, 307.29
Mg-hm™) >KAERIHI(504E, 224.44 Mg-hm™), FH]
T FEARIAUIR T = A A TR B2 43 1) A2 1E 5 e AR
LATREAKACASA R 16145 o 17 K F AN Rl FE A 1)
G MLk 4 %19157.00. 108.87F170.00 Mg-hm™2.,
WMEBHTR, fEFRISIAHE R, 1504 R AN

doi: 10.17521/cjpe.2015.0407

©UI 00000 Chinese Journal of Plant Ecology



674 FEYIEZ 2R Chinese Journal of Plant Ecology 2016, 40 (7): 669-678
400 ¢
350 |
300
250

200
150 | [
100

50

[& % fit Carbon sequestration (Mg C-hm=2)

AN

=

25 50
%3 Rotation length (a)
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n
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Fig. 2 Effect of rotation on total carbon sequestration (SI =
17). Sl, site index.

B AR A ] B 1R RS 5 22 1 S O A O —
B, 154E401% 1 59838.97 Mg-hm™, 254E 445 11
744.63 Mg-hm™, 50445 1% 111 9462.48 Mg-hm™, %
FAAS [R5 A 1 L 88 MLt 73 ) 9337.31, 227.01
#1132.60 Mg-hm™.

WIRIFR, (P ERRET T, Tk L%
PG, SR P [ 6 AR 3 A A e e A = 338 AT LS
SR b AR AL 3R B A AR ) S K AN BT PR,
X H T AZ A BRE Bk 30 25 FRAE 7T 43 2 [ 5k T e 2
S [EBREE SRR . RERREE SR, FEIRREE
FEX SRR [ ke 71 R BESAN B B (WhFIHE S, 2015),
AN [ B AR AR [ B S A RRAE A — 8 s, Ade
AR A R B 7 TR K B B, (H BT AR Ak
MRS, M TE R RS S
XL P TE RO KA [ B EE )R

2R3 FRARIUIOT P 2 R [ A P [ 2 1 B
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Fig. 3 Effect of rotation on total carbon sequestration (SI =
27). Sl, site index.

BEAERE, (H TR AR 2N AR B 15
Wi, Sk SR VR R RO AR RR R A e
JrH, JERAEHIAR AT, SR F R A Y
TR S HUB e L IR AR A 5 2 B o e R
IERAWIIE N, XA H TS B RR AN,
Mo AR R = AW, Wi MR TR
PORE S HEYSE, RO, AR,
oy E R . Ho, SRS RIS AT 4 ) 57 3
LB, A MUY R ZE I S 2.0-2.5
Fro PRI, 2R N AR -1 246 [ B gE ) AN 4
ARIYI T 5% B 0 AN AN R A B B AR 2R R
12, T H I 52 AR 2 s K AN SR T 26 A 5
Wi o FVEVIZE BORBRE AN, BAERMES RS
BRAEIA IR B B 3, BB TR AR B
Bk P 170 - S 2R AR s, e IR P e [ A 1 2

Table 3 Effect of rotation on annual average carbon sequestration and each rotation carbon sequestration

A SPEA A [ e BEASEEAR Tl B

Rotation Mean annual carbon sequestration (Mg-hm=-a™%) Each rotation carbon sequestration (Mg-hm)

@ ABCS UBCS TBCS soc TCS ABCS UBCS TBCS soc TCS
SI=17 SI=27 SI=17 SI=27 SI=17 SI=27 SI=17 SI=27 SI=17 SI=27 SI=17 SI=27 SI=17 SI=27 SI=17 SI=27 SI=17 SI=27 SI=17 SI=27

15 108 268 027 067 136 334 105 225 241 559 1630 4013 411 10.00 2040 50.17 1570 33.70 3610  83.90

25 106 277 026 068 132 345 073 151 205 496 2650 69.36 653 16.90 3310 86.27 1810 37.80 51.20 124.00

50 0.86 215 017 005 103 220 047 088 150 308 4280 10730 873 269 5150 110.00 2330 4420 7480 154.00

ABCS, b _EAEWIERR; SI, SLHWIEEL; SOC, L3 HUBE, TBCS, SAWMERE; TCS, M EE; UBCS, M RAEMER.
ABCS, aboveground biomass carbon; Sl, site index; SOC, Soil organic carbon; TBCS, total biomass carbon; TCS, total carbon sequestration; UBCS, under-

ground biomass carbon.
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index.
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. RS0, AR IR H 34T A
BRI T 25 IS [, SOER A A
MRS BAL SR Z A, X RYIIE K FE

T AR IZAN TAHRBRE A 675

M T4 SR T DS B AR, R AE
FEAIIGERR . [RINE, N AR R T B0 2 10 S
FA, AEE AR B B2 R AL AR N AR 6
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RAEKFAIA N R, I H B 56 U 00 45 8 110
/I, B AR, JEIEYIE A AR
ARG Fk, A KA AN AR
B FE B EEmW, RS SRR
ARG T, AWRICERRK, MR m, M
A R 43 AE g, 3 BB [ A7 (¥ R % (Jiang et al.,
2002; Peng et al., 2002; “E#%41%%, 2011). 14, 42
AN TR -8 R o AR T & BN
BRZ, T Ak B 3R R AR X, 7R L IECIPEL
R EIHE OL T AR A A WL <= I i 1 B
%o LIECINRIC:PEZZ A MBI, DRI
TERSAR N TARG S 5 B R p an o) 1 2 35 HLRR
R (IR, 2015).
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R AT, JHEE KA, 7 KRR
ARRSTIRE. K, 7FER I A 1) 5%
. NEUFMEHE, WRIEAFELH KA E H
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T B [ B ) KR R R, IR AR R Z .
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(S e e s, 2015), Az K HA R 2E K AN ERIE 5 P01
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