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Comprehensive carbon storage inventory of mature and overmature
Chinese fir (Cunninghamia lanceolata) plantations with different ages in
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Abstract Although carbon storage in Chinese fir (Cunninghamia lanceolata) plantations has been widely
investigated, the results of existing studies are inaccurate because of the improper examination of carbon
content (without considering the effects of stand age and organs) and incomplete estimation of plant biomass
(without estimating the biomass of associated plants in the tree layer and woody debris). In the present study,
we measured and analyzed the carbon content characteristics of all plant compartments and soils in four C.
lanceolata plantations of different ages (28 a, 37 a, 42 a, and 52 a) in the Beishan Mountains of Jinhua, central
Zhejiang Province, and comprehensively estimated their ecosystem carbon storage. The results showed
that the variations in the total carbon content of plant compartments were small, but those in the soil organic
carbon content were large. Tree age and organ composition significantly affected the total carbon content of
C. lanceolata. Soil organic carbon content decreased with increasing soil depth and was significantly affected
by forest age. The ecosystem carbon storages of the four mature and overmature C. lanceolata plantations
changed in the order of 42 a (160.58 t/hm?) > 28 a (146.70 t/hm®) > 52 a (144.84 t/hm®) > 37 a (129.18 t/hm?),
with an average of 145.35 t/hm”. No significant differences in ecosystem carbon storage were observed
among the four plantations. The carbon storages of living plants (61.27 t/hm?), soils (73.41 t/hm?), and litter and
woody residues (10.67 t/hm?®) accounted for 42.33%, 50.22%, and 7.46% of the ecosystem carbon storage,
respectively. Compared with mature and overmature C. lanceolata plantations in other subtropical areas of
China, those in the Beishan Mountains of Jinhua, central Zhejiang Province, are low carbon storage forests.
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Table 1 General information of Cunninghamia lanceolata plantation plots

Wi FERE fHRER, 2 i AT EAT EA
Stand age Plot number Area (A/m’) Latitude Longitude  Altitude (h/m) Average (DBH/cm*) Average height (H/m*) Density (n/hm?)

1 900 29°13'51"  119°41"1" 939 18.45 12.39 1722
28 a 2 900 29°13'52"  119°41"1" 960 15.47 10.61 2100
3 900 29°13'51"  119°41'3" 935 18.15 11.28 1600
4 600 29°14"13"  119°41'56" 719 16.05 9.75 1733
37a 5 900 29°14'23"  119°42'2" 703 15.00 10.72 1822
6 600 29°14'10"  119°42'29" 728 17.08 11.92 2183
7 600 29°14'28"  119°42'26" 740 16.86 10.41 1383
42 a 8 600 29°14'29"  119°42'24" 789 17.32 11.08 1500
9 900 29°14'28"  119°42'24" 760 16.78 10.88 1489
10 900 29°13'50"  119°41'23" 940 15.63 9.75 1133
52 a 1 600 29°13'50"  119°41'25" 950 12.05 8.11 1817
12 900 29°14'1" 119°41'31" 736 17.92 10.28 1544

* 52 alo RN TR R 2, S BOT B AR R .

* More small Cunninghamia lanceolata individuals in 52 a forests, resulting in lower values of average diameter at breast height and height.
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Table 2 Biomass models of Cunninghamia lanceolata plantations

) . B R SRR R AR, gt
A MUBRAg R T 25
socn=i_i1 (1-G)xD,x C,x T,

KX SOC N L MNZE TIEE WK GAFEIZE LR H
Mg DNRIZTIERE; CAFIEEEImEE; TN
iR
1.5 HIEATE

SN ESPSS 24,07 kAT, W3E MK 40.05. FIH
Two-way ANOVAZ A 4 FI 2% B X A2 AR 2 & B 152, 43
BT AR 4 A0 J2 06k T35 WL & S s GEBRITE LA
110-40 cm+ Z#EAT 0471 . FIHONne-way ANOVAZ#T [ —
T AH 5y Al & &/ 6] — 2 A HL 2 S TEAS [F) A 8/ hk e 2
V) P 22 3 DA S 43 BT AN [ BRI A2 AR N AR AR 75 32 G2 Tk i 1 1) 22
5. FIH]Origin 2018347 1E .

2 FER55H

21 TEMIATIEZARREHA R IRE E

AR ARS8 B 145 & 8 /5432.59 + 21.94 mg/g
%4485.93 + 21.94 mg/gZ ], &3 104k & &2 5 EUN,
HA e B R IR 78 F R BUUN51%. B RES B AR A
LR B EAEE (P < 0.05) §0, 1M — % 1952 HAE R
WMAREH G ENEMARLE (P> 0.05 , ARG ENE
Me = FESRYR T 385 (R3) . ALK B A bk & B 7E & W i ) 22
FIRAYIE, 37 al KK e 88 (P < 0.05) 5152
afs AR A & i (B . ISARA I & EAES i E LAk R
WRT> > > >R, AR AR & BAE S W 3 R N &
% (P <0.05 INTF B R4t & & 52 atz AR+
LWEEEE (P<0.05) mTHEMARSE (ED.

ANFRESE N TAZA T Bk 0-40 emL 3G PLIR & BAE
1413 £ 7.23 mg/g%22.88 + 8.34 mg/gz Iil, &1 =4 WLk
YRR, 5 REUR S IL$51.2%. AR
B3 (P < 0.05) sgmi LA LGRS &, W& 158 BAER
HIEEHUR S R ALE (P> 0.05) , AR S =
EALEIEA P 3 N =N (E R N AU R = 7 NI R R T €

Pl Species %% Organ £ & 7 FE Biomass models %2 ik Reference
F Stem We = 0.0320 (DH)'***°
% Bark W, = 0.0089 (D*H)*®%
—_ 2.2800
124 Cunninghamia lanceolata ﬁ E;Z?Ch %B'__ 00 &?1255%20823 [28]
L - .
i Root Wk = 0.0073D*%'* + 0.0104D**'
4=tk Total W; = 0.0930 (D*H)"%%°
It - 1.803 ; 4-0.3995
Wik Cryptomeria japonica var. sinensis 7'1; I;esjoo d VV:;L _06214;25 Dmg OS5y [29]
A w =Y. - W
) ) ) i Leaf W_ = 0.0004517 (D*H)"*%%%°%
i L
#1LI¥A Pinus taiwanensis K Wood W, = 0.5599839 (D°H) - W, [30]
It = 0.554D
H A4 H 4% Other associated evergreen species ﬂtbﬁlz‘e\jlvfood %L =21%g?1>§§ (D*HY ™™ -, [31]
~ w . L
= 2.3727
AR ARV )Rl Other associated deciduous species :Itbﬁl:e\i;ood wtv;%gsgé; (D*H)* - [31]

D: fli4%; H: @i We: TAEW T Wey: BAEY R We: B W WHEW R We: RAEY S We SEDE: W KBFUEY S, AT
cm, &IE IR m. AN EAES % 0 HR[28] [291F1[30]H ) Ay Sk kg, E[31]7F [ Bfiz S g.

D: Diameter at breast height; H: Height; Wg: Stem biomass; Ws,: Bark biomass; Wg,: Branch biomass; W,: Leaf biomass; Wk: Root biomass; Wr:
Total biomass; W,,: Wood biomass. The units of D and H are cm and m, respectively. The unit of biomass in studies of [28], [29], and [30] is kg and

that in the study of [31] is g.
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Table 3 Effects of age, organ, and their interaction on total
carbon content of Cunninghamia lanceolata

T HHEE  BETVHM ¥y p
Factor d; SS MS
Wit Age 3 3854.66  1284.89  0.001
#F Organ 4 20854.48  5213.62  0.000
WX 2377 Age x organ 12 4251.27 354.27 0.063
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Fig. 1 Total carbon content of different organs of Cunninghamia
lanceolata with different ages. Same capital letters meant no significant
difference at the 0.05 level among organs with same age; same small
letters meant no significant difference at the 0.05 level among ages of a
certain organ. 1: Stem; 2: Bark; 3: Branch; 4: Leaf; 5: Root.
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Table 4 Effects of stang age, soil depth, and their interaction
on soil organic carbon content in Cunninghamia lanceolata
plantations

A7 HlE BEFHM i P
Factor d; SS MS
Mg Age 3 495.563 165.188 0.017

+JZ Soil depth 3
ik x+ 2 Age x soil depth 9

613.871
386.279

204.624 0.007
42.920 0.442

AN R PR W4 N TAZ A il 3ok 0 PR Y L TR 0 R AR o B AR 1)
TR S 4 BIH427.84 + 27.64 mglg. 462.51 + 9.03 mg/g
A1 470.20 + 6.27 mglg, =H &S B4 R EN. MREST
TEEL JRVE DRI R AR I A S IR I AR B (P >
0.05) .
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ANTE] BR8N T AZ A i ik B0OMR AZ AR R RIR A 8 B AR S (1 384
iz LB, 28 a. 37 a. 42 afi152 a N LA A K6 &5
5962.55 t/hm?, 58.45 t/hm?. 50.10 t/hm?*#139.16 t/hm?,
F149°852.56 t/hm? (£5) . RIS N THRF A % 2% 5 1)
R, WRIAF SR> >m> (k5 , H%
B T A B AL R ST B A E A MR TR SR N, T
WAt = 5 AR B i = I L1129 50.6%-52.8%, 1R 422.6%-

N
o
|

W
(3]
1

W
o
1

N
[}
1

T2 & Carbon content (w/mg g')
N
o
1

154
104
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Fig. 2 Soil organic carbon content at different depth of
Cunninghamia lanceolata plantations with different stand ages.
Same capital letters meant no significant difference at 0.05 level
among soil layers with same stand age; same small letters meant no
significant difference at 0.05 level among stand ages of a certain soil
layer. 1: 0-10 cm; 2: 10-20 cm; 3: 20-30 cm; 4: 30-40 cm.
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Fig. 3 Carbon storage percentages of different organs of

Cunninghamia lanceolata with different ages. 1: Stem; 2: Bark; 3:

Branch; 4: Leaf; 5: Root.
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hm?%160.58 t/hm*Z i, “F-#°5145.35 t/hm®. 42 atZ KA
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T CBLFEAZA . PEA Y FIBE D) Wifig B 5 AR S RGBT
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#£5 TEIKGEHZAATHESEIHIEE (Mt hm?)

Table 5 Carbon storages (M/t hm?) of different comppartments of Cunninghamia lanceolata plantations with different stand ages

o Mg Age (t/a)
Compartment 28 37 42 52

-+ Stem 33.01+£3.77 29.83+6.70 25.97 £ 1.67 19.83 £5.55
" S Bark 7.26 £ 0.69 713 +£1.78 5.85+0.38 442 +1.29
glj';ninghamia lanceolata 1% Branch 3.89+0.24 3.87 £ 0.61 3.27 £0.23 2.56 + 0.85
- Leaf 4.27 +0.25 4.02+0.79 3.46 +£0.29 2.97 £ 1.01
# Root 14.12 + 1.06 13.60 £ 2.87 11.55 %+ 1.19 9.39 £ 3.75
44854 Associated species 0.98 +0.18 2.31+1.10 14.85 + 12.30 11.44 + 5.94
#E Shrub and grass 278+273 0.85+0.31 0.99+0.40 0.52 £ 0.57
&) Litter 5.80 + 3.90 4.65 +0.94 3.74 £ 0.99 2.62 £0.30
AR JF 54 Woody debris 6.01 £0.99 8.91+3.75 6.06 + 1.91 4.88 £ 1.96
0-10 cm 16.11 £ 8.23 15.42 + 6.65 19.47 + 9.61 27.92 + 5.64
10-20 cm 13.72 + 417 13.82 £ 6.30 18.01 £9.84 18.33 £ 6.31
20-30 cm 10.21 £4.85 6.08 +3.40 15.55 + 11.24 7.98 +4.03
30-40 cm 10.01 £6.75 4.44 + 3.08 16.02 + 12.02 6.55 + 3.36
4 40-50 cm 18.53* 3.92+3.17 13.49 £ 11.74 6.21 + 3.41
Soil 50-60 cm 18.53* 10.43* 2.30* 4.93 +2.33
60-70 cm 18.53* 10.43* / 5.33+2.16
70-80 cm 18.53* 10.43* / 3.90 + 1.47

80-90 cm 18.53* 10.43* / 5.06*

90-100 cm 18.53* / / 5.06
41t Total 146.70 + 32.77 129.28 + 13.41 160.58 + 31.77 144.84 + 313

AR B R R s b R A

*Values mean soil total organic carbon storage minus organic carbon storage of upper layers of soil.

%5 A B 11141.8%-59.5% (FH)H50.2%) , —HERAERR
S SR it B 1) 3 B DTER A, T VR VR RN R R R AR B i =AY
HAER RS M E5.2%-10.5% CEFYIRNT.5%) (KE4) .

NN W W
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Tt AT o LL )
Percentage contribution of carbon storage (P/%)

28 37 42 52
W% Age (t/a)

B4 TEMEZARALKESESREETSEE. 1 EYFE R B
20 HVEVIAIR BB AR SE AL A s 3 LI AT AR A

Fig. 4 Carbon storage percentages of different compartments of
Cunninghamia lanceolata plantations with different stand ages. 1:
Living biomass carbon storage; 2: Litter and woody debris Necromass
carbon storage; 3: Soil organic carbon storage.
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