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Table 1 Basic overview of the study plot
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e 2 B A M RN i AR £ Ry R 4T, A AR
0—60 cm £ 2 A PLAK & & W 10. 74 g/kg
Pt
1.2 HMiEESEHEAE

T 2018 AEHE BT M A5 B A — B D B AR A T
R 5T L AR AT HE DL - 41 8 PR B itE AT 3 AR A A I
BRFALE o Z )5 AT AT P8 7 AL B 5 il AR 0% 72 b A
91— 3 AEHETRR AR EAR B R A 8 — 9 ARHE T LA
A it 2 5 AN AT A T, S RS AR
HEAGE AR E WA . 38 2 R ) O v, DA
AR (2012 AEFPARED TP I AR (1999 AEFIARD | AR
(1986 4EFhAL) A3 B AK (1960 4F Fl ki) Sl BF 58 4 4
(R D HANFEMELZRE 3 AT B 20
m X 20 m, AR 12 A0

1.1

EAEE  HOEE . .
S5 ) A </ hm” s/hm? . , ; {3 jie Ny ;
LNl ﬂ(ﬂﬁ}/ﬂa (plantt/hn} ) (trc?s/hm ) Witk /m B i?i{i W42 /em B /m ﬁ}l?ﬂ]}“{
Stand Forest Affore-station Forest . Slope Canopy
; . Altitude/m  Aspect et Mean Mean tree .
type age/a density/ density/ position DBH/em height/m density
(plants/hm?) (trees/hm”) g
Young forest 6 2 500 1 300 313 NW Middle 10. 55 5.65 0.7
Middle- 19 2 500 1407 378 SE Upper- 12.67 10.79 0.8
aged forest middle
Mature 32 2 500 598 262 N Upper- 28. 23 25,12 0.8
forest middle
O"‘f’rma“”c 58 2 500 197 258 SE Upper 41. 27 26.55 0.8
orest
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2.1 EBFREEEREIHBEE
2.1.1 ®TREDAIELSE

26 2 A, SO AR N T KB G 3T ARk AR 1) ik
17 FCHE AR Z TR 75 W )2 A AL & B iR 3 B R
A FA T R AR )23 DU) 58 29 I i 14 m 71 o 7 s 3
I AN N TARHE A 2 A DUk 75 & 17 {8 LA 20pk
Fef 3K 456. 44 g/kg. L4l AR L rb i bR B 24ObK 43
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I AN N TR B A 2 LA Y W) )2 A WL % i 34 DL
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Table 2 Organic carbon content of understory ground cover in P. massoniana plantations with different forest ages Unit:g/kg
, J AR
e .
M(Sj{\raiédg: Shrub layer R {EJ o
type I e F W Herb layer Litter layer
Foliage Branch Trunk Average value

Young forest 360.00+37.17b
Middle-aged forest 421.33+53.27ab
Mature forest 436.00+16. 65a

Overmature forest 485.33419.73a

346.67135.55b
417.33£47.72a
450. 67£20. 00a

422.67+20.00a

385.33+34.02b
420.00+46. 36ab
405.33+10. 07ab

461.331£16. 65a

364.00£12. 72¢
419.56£16.56b
430.67+£7.06b

456.4410. 86a

395.85x19.53b
390.37+17.01b
425.11+4.67a

381.41=11.94b

412.31£87.17a
425.24+26. 24a
428.36+23. 16a

414. 04245, 79a

Note:different lowercase letters indicate significant differences among different stands at the same level (P<20. 05).
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Table 3 Organic carbon content of roots in different diameter classes of P. massoniana plantations with different forest ages

Unit:g/kg
AR IR
4 pidl)
)H(S)iigdj: Fine root Small root
type 0—20 cm 20—40 cm 40—60 cm 0—60 cm 0—20 cm 20—40 em 40—60 cm 0—60 cm
Young 324,70+ 330. 00+ 312. 04+ 322,25+ 334,67+ 399. 11+ 381. 33+ 371. 70+
forest 5.47a 28.73a 67.67a 23. 26a 11.39b 14. 33a 14.42a 4. 45a
Middle-aged ~ 320. 72+ 312.83+ 305. 94+ 313.17+ 343.33+ 346. 11+ 345. 56+ 345,004
forest 18. 98a 12.68a 1.39 10. 88a 19. 08b 79.72a 27. 40ab 11.56b
Mature 310. 22+ 336,56+ 276. 00+ 307.59+ 340. 22+ 380. 81+ 391. 11+ 370.72+
forest 59.95a 25. 94a 15.61a 13. 14a 10. 21b 16.12a 62. 36a 17.81a
Overmature 352,15+ 243. 00+ 284.83+ 293.33+ 389. 22+ 327.65+ 301.17+ 339.35+
forest 19. 54a 16. 70b 17.53a 5.96a 11. 64a 56. 31a 3.11b 14.67b
24 ) AR AR
%éjigdi Middle root Coarse root
type 0—20 cm 20—40 cm 40—60 cm 0—60 cm 0—20 cm 20—40 em 40—60 cm 0—60 cm
Young 350. 67+ 369. 33+ 357.33+ 359. 11+ 303. 00+ 0.00+ 0.00+ 303. 004
forest 14.74b 63. 54ab 0.00a 16. 36ab 13.08b 0. 00 0. 00 13.08b
Middle-aged ~ 318.53=+ 438. 67+ 0.00+ 378. 60+ 379. 11+ 0.00+ 0.00+ 379. 11+
forest 7.02b 38. 16a 0. 00 17.62a 10. 86a 0.00 0.00 10. 86a
Mature 356. 00+ 393,33+ 290. 17+ 346. 50+ 408. 00+ 359. 56+ 358. 67+ 375. 41+
forest 37.47ab 6.11ab 23.26b 5.09b 24. 26a 20.71a 16. 65a 3.98a
Overmature 392,00+ 326. 28+ 352. 89+ 357. 06+ 404. 00+ 365. 33+ 351. 56+ 373.63+
forest 3. 06a 38.72b 37.39a 2. 36ab 13.32a 18.67a 33.90a 10. 43a

Note:different lowercase letters indicate significant difference between different stands of the same diameter level and the same soil layer (P <<

0.05).
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Different lowercase letters indicate significant difference
between different stands of the same organ (P<C0. 05) ,differ-
ent capital letters indicate significant differences among differ-
ent organs in the same stand (P <C0. 05). In the figure, (a)
and (b) respectively represent the carbon storage and percent-
age of each organ in the tree layer of P. massoniana planta-
tions in different stands.
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Fig. 1

the tree layer of P.massoniana plantations with different for-

Carbon storage and allocation of various organs in

est ages
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A1 5 FLTE R 2 e it 1k 3 1 52 S 0l /D I 48 0 1 e
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WA bR AR L KBy 8. 93.5. 51, 1. 88 £, B A)Z
APy AR o3 ) R v AR LR B OAR L ST B Y 91, 60,
12.72.114. 50 £ . I8 7% P J2 ik £ o DA v i bR B
F4 FEWBDERA KK THEDBEE

A3 Lt gl 1 bR L R B AR DL B o BAORK R 67, 7400,
5.48 %M1 12.07% . T RS N T AR &I bk L b i Ak
AR o AR Y PR b B 0 ik i 43 o 19. 47,
6.57.7.43 F1 10. 96 t/hm” . &l & Ak 3k 2Aobk 25 D)
AR A 5t B ve 5 S BAORI G MR 38 DA U Vi 0 )2 ik
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Table 4 Carbon storage of understory ground cover in P, massoniana plantations with different forest ages Unit : t/hm’
» A2
K 7 ”_ ,
M(Si}»afdg: Shrub layer AR @%%E
type I e W Herb layer Litter layer
Foliage Branch Trunk Above-ground

Young forest 0.9540. 10a 1.4740. 15a 9.37%+0. 82a 11.79+0.91a 4. 5840, 44a 3.10+1.57a
Middle-aged forest 0.274+0.03b 0.227+0.03b 0.83740. 29¢ 1.3240. 29¢ 0.05%+0. 04b 5.20+1. 80a
Mature forest 0.3840.23b 0.4740. 28b 1.28+0.77c 2.1441.29¢ 0.36740.43b 4.9341.59a
Overmature forest 1.04+0. 16a 1.37=40.08a 3.86+1.01b 6.28+0.95b 0.04740.01b 4,640, 69a

Note:different lowercase letters indicate significant differences between different stands at the same level and in the same organ (P<C0. 05).

2.2.3 MWAEABMEE

LR N AR T BRI 1 04T AR AR A
e fifs i SRR e, 25 L 2R R Al i 5 SRR A A
TR — 2, MR SRk il i DL bR & 2390l e &)
WA AR H R AR R B BRI 176.06 %6, 64. 71 % FI
39.50% . AR FR A At ek B - 2 UR R 0 B i R R, S
AN TR R (0—60 co) A 0—20 em -+
FEHe .1k 7.65 t/hm® 430 20—40 F1 40— 60 cm
+ 2 325.00% F1 608. 33% MR R0 A LD

TE 3 AR IR R R (R 5)

Sy RN N TARBER I A R B BEAT A AR 5
WA WA R — 22 5. BEE R
ZRLAL i b | AR Jo AR A A R R ki
YYR B ST W S 3 ks B T Al i AR U TR R
e FL v de KA A 5 /M EL 20 S50 1 B b 5P AR A 4Ty
B MORLAR o AL RER A 4 o C R 22 S T 5 Al i AT ) T
AR /N PR ) B R 23 E L o AR M TRLAR
f14 B i 70 T

0—20 cm )2 76 BB iR ) O 72,6506 B
®5 FRAKRBIEMAIHEERRABME

Table 5 Carbon storage of roots in different diameter classes of P. massoniana plantations with different forest ages  Unit:t/hm’
- . FIERE K
KA =¥ Soil layer S
Stand Diameter T
¢ 1 Total carbon storage
ype class 0—20 cm 20—40 cm 40—60 cm
Young Fi oot 0.47+0.15Ba 0.15£0.07Ba 0.0740. 06 ABb 0.69-+0. 27Ba
forest mer (44.76%) (57.69%) (63.64%) (48.59%)
Small 0.25%+0. 16BCa 0.07=£0.03BCa 0.04=+0.03Aba 0.36+0. 14BCa
root (23.81%) (26.92%) (36.36%) (25.35%)
Middle 0.32-+0. 26BCa 0.04+0.07Ca 0.00=0. 00Bb 0.36=40. 32BCa
root (30.48%) (15. 38%) €0.00%) (25.35%)
Coarse root 0.01%0.02Cb 0.00%0. 00Ca 0.00%£0. 00Ba 0.01£0.02Ch
i 0.95%) (0.00%) (0.00%) €0.70%)
Total 1.05+0.18Aa 0.26+0.04Aa 0.1140.08Aa 1.4240. 30Ab
(100.00%) (100.00%) (100.00%) (100. 00%)
Middle-aged Fine root 0.37%0.11Ba 0.10=+0. 06Ba 0.10+0. 03Aab 0.57+0.04Ba
forest € 100 (18.78%) (35.71%) (76.92%) (23.95%)
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Continued table
o ) LRk
Moy A AL ‘431:%& Soil layer b
Stand Diameter
type class Total carbon storage
yp 58 0—20 cm 20—40 cm 40—60 cm
Small root 0.15+0.09Ba 0.09+0. 03Ba 0.03+0.02Ba 0.28+0.13Ba
(7.61%) (32.14%) (23.08%) (11.76 %)
Middle 0.404+0. 11Ba 0.09+0. 09Ba 0.0040. 00Bb 0.484+0.17Ba
root (20.30%) (32.14%) (0.00%) (20.17%)
Coarse root 1.0540. 92ABab 0.00+0. 00Ba 0.00+0. 00Ba 1. 0540. 92Bab
-oars (53.30%) (0.00%) (0.00%) (44.12%)
Total 1.9740.94Aa 0.284+0.14Aa 0.134+0.03Aa 2.38+0. 98Aab
(100.00%) (100.00%) (100.00%) (100.00%)
Mature Fine root 0.3740.05Aa 0.1740.08Ba 0.0540.03Ab 0.6040.05Ba
forest ¢ roo (19.27%) (36.96%) (11.63%) (21.35%)
Small root 0.18+0.05Aa 0.114+0. 06Ba 0.07+0.08Aa 0.36+0.15Ba
(9.38%) (23.91%) (16.28%) (12.81%)
Middle root 0.40+0. 49Aa 0.15+0. 14Ba 0.04+0. 04Ab 0.58+0.47Ba
(20.83%) (32.61%) (9.30%) (20. 64 %)
Coarse root 0.97+1.13Aab 0.03+0. 04Ba 0.27+0. 30Aa 1.2741.37ABab
arse r (50.52%) (6.52%) (62.79%) (45.20%)
Total 1.9241.61Aa 0.46+0.21Aa 0.43+0. 43Aa 2.81+2.03Aab
(100.00%) (100.00%) (100.00%) (100.00%)
Overmature Fine root 0.45+0.12Ca 0.16+0. 06Aa 0.22+0.12Aba 0.83+0.05Ca
forest ner (16.61%) (20.00%) (53.66%) (21.17%)
Small root 0.1940.10Ca 0.1140.04Aa 0.084+0. 10Ba 0.38%+0.05Ca
¢ (7.01%) (13.75%) (19.51%) (9.69%)
Middle root 0.13240.03Ca 0.104+0.13Aa 0.114+0.03Ba 0.34+0.10Ca
(4.80%) (12.50%) (26.83%) (8.67%)
Coarse root 1.9440. 32Ba 0.434+0.57Aa 0.00+0. 00Ba 2.3740.53Ba
; (71.59%) (53.75%) (0.00%) (60.46%)
2.7140.16Aa 0.80+0.58Aa 0.41+0. 25Aa 3.9240.46Aa

Total

(100.00%)

(100.00%)

(100.00%)

(100.00%)

Note:different lowercase letters indicate significant differences among different stands of the same diameter class in the same soil layer (P<20. 05),

different capital letters indicate significant differences among different diameter classes in the same soil layer of the same stand (P<Z0. 05). The da-

ta in parentheses represents the percentage of root carbon storage of different diameter classes and soil layers in the same stand, that is, the distri-

bution rate.

2.3 EEAMENBERAERSREREHRBEEDTET

HH & 2 Ca) AT, Sy AN N TARBE & i H RIS
MHEAT AR S R i SRR I Ik g, K
L IRORZ IR VE YR AR R R - R R A R
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F G tedit 12 LAk Ok B L K 246. 90 t/hm”, 43 51 1
YA (101,13 t/hm®) AR (160. 03 t/hm*) K
bR (212. 92 t/hm’) B FE & 144. 14 % .54. 28 %
15.96% (P<0. 05) ., KU LR N THEEE E AR
PRI EAT AR R R gL D RE W i 32 .

HE 2 AT, AR EEZMAELES R
Girp iy 5 ik 93.97% —95. 19 % (4R ARG 4h) L
2 RAL Ky 4. 81% — 20. 66 %, AT UL, 75 A J2 1+
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Different lowercase letters indicate significant difference between different stands at the same level of ecosystem (P<Z0.05).

Different capital letters indicate significant difference among different levels of the same stand ecosystem (P<C0. 05). In the figure

(a) and (b) respectively represent the carbon storage and its percentage of each layer of the P.massoniana plantations ecosystem

of different stands.
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Fig. 2 Carbon storage and its percentage in different layers of P. massoniana plantations ecosystem with different forest ages
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O30 EE R B bR 35 4R T 24, 88 %0 Ml 13.38% (P <
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Table 6 Annual net productivity and annual net carbon sequestration of each component of P. massoniana plantations with different

forest ages

Unit:t/(hm® + a)

TrAR 2
Ry 27 Hig Arbor layer
Stand ltem
type I I
Foliage Branch Trunk Above-ground
Annual net o o o o
Young forest productivity
Annual carbon o o o o
storage
Middle-aged Annual net 4.1940. 34a 0.8840.05a 6.2040. 31a 11.2740. 69a
forest productivity (21.61%) (4.54%) (31.97%) (58.12%)
Annual carbon 2.10+0.17a 0.44-+0.03a 3.10+0. 15a 5.64+0. 35a
storage (23.15%) (4.85%) (34.18%) (62.18%)
Mature forest Annual net 2.11+0.05¢c 0.56+0.01b 5.71+0.03b 8.38+0.09b
ature fores productivity (12.16%) (3.23%) (32.91%) (48.30%)
Annual carbon 1.0640. 03¢ 0.28+0.00b 2.85+0.02b 4.194+0. 04b
storage (13.25%) (3.50%) (35.63%) (52.38%)
Overmature Annual net 2.65+0.07b 0.37=+0.00c 3.93+0.03c 6.95+0. 10c
forest productivity (13.47%) (1.88%) (19.98%) (35.33%)
Annual carbon 1.334+0.03b 0.1840.00 1.9740.02¢ 3.4840.05¢
storage (14.73%) (1.99%) (21.82%) (38.54%)
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Continued table

ZERAE. T EAANBRIEMAIRESRGRMEEREDEIRS

BRAy S AL 5 g Shrub layer
Stand Ttem
type I Hb -
Foliage Branch Trunk Above-ground
Youne forest Annual net 1.324+0.01a 2.124+0.00a 12.16+0. 00a 15.60+0.01a
g lores productivity (5.12%) (8.23%) (47.19%) (60.54%)
Annual carbon 0.4840. 05a 0.7440.08a 4.6940.41a 5.91+0. 46a
storage (4.80%) (7.41%) (46.95%) (59.16%)
Middle-aged Annual net 0.32740.02b 0.27-+0. 06c 0.974+0. 26¢ 1.5640. 32¢
forest productivity (1.65%) (1.39%) (5.01%) (8.05%)
Annual carbon 0.13%40.01b 0.1140.01b 0.4240. 15¢ 0.66=+0. 15¢
storage (1.43%) (1.21%) (4.63%) (7.28%)
Mature forest Annual net 0.45%+0. 28b 0.53+0. 32¢c 1.5740.92¢ 2.55+1.53¢c
; productivity (2.59%) (3.06%) (9.05%) (14.70%)
Annual carbon 0.1940.12b 0.24-£0.14b 0.64240.39¢ 1.07+0. 64c
storage (2.38%) (3.00%) (8.00%) (13.38%)
Overmature Annual net 1.0740.12a 1.63+0.13b 4.17+1.00b 6.87+1.03b
forest productivity (5.44%) (8.29%) (21.20%) (34.93%)
Annual carbon 0.52+0.08a 0.69-+0. 04a 1.9340.50b 3.14-0. 48b
storage (5.76%) (7.64%) (21.37%) (34, 77%)
G2 7 T H B A& 2 it Bt
Stand type Ttem Herb layer Litter layer Root system Total
Young forest Annual net 5.7940.58a 3.68=+1.46b 0.7040. 15a 25.7740.73a
& tores productivity (22.47%) (14.28%) (2.72%) (100.00%)
Annual carbon 2.29+0.22a 1.5540.79a 0.2440.05a 9.99+0. 21a
storage (22.92%) (15.52%) (2.40%) (100. 00%)
Middle-aged Annual net 0.06=+0.05b 6.09+1.96a 0.4140.17b 19.39+0. 88bc
forest productivity (0.31%) (31.41%) (2.11%) (100.00%)
Annual carbon 0.03%£0.02b 2.60£0.90a 0.1440.06b 9.07+0.41a
storage (0.33%) (28.67%) (1.54%) (100.00%)
Mature forest Annual net 0.43%+0.51b 5.75+1. 80ab 0.244+0.17b 17.35+1. 83¢
productivity (2.48%) (33.14%) (1.38%) (100.00%)
Annual carbon 0.18%£0.21b 2.47+0. 80a 0.09%£0.06b 8.00£0.77b
storage (2.25%) (30.88%) (1.13%) (100.00%)
Overmature Annual net 0.05%40.01b 5.62+0. 69ab 0.1840.02b 19.67+1.01b
forest productivity 0.25%) (28.57%) 0.92%) (100.00%)
Annual carbon 0.027+0. 00b 2.32740. 35a 0.07=+0.01b 9.03+0. 46a
storage 0.22%) (25.69%) 0. 78%) (100. 00%)

Note:different lowercase letters indicate significant difference among different stands (P<Z0. 05). The data in brackets are the percentage of the an-

nual net productivity and annual net carbon sequestration of different levels and organs in the same stand,that is,the distribution rate.
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4

Carbon Storage and Distribution Pattern of Pinus massoniana
Plantations Ecosystem in Different Forest Ages in Guangxi

LI Yufeng"**,MO Yanhua®" " ,QIN Jiashuang', MA Jiangming®

(1. Beijing Forestry University,Beijing, 100083, China;2. Hezhou University, Hezhou, Guangxi,542899,China; 3. Guangxi Key La-
boratory of Landscape Resources Conservation and Sustainable Utilization in Lijiang River Basin, Guangxi Normal University, Gui-
lin, Guangxi,541006, China; 4. Guangxi Institute of Botany, Guangxi Zhuang Autonomous Region and Chinese Academy of Sci-
ences, Guilin, Guangxi, 541006, China)

Abstract: In order to clarify the differences in carbon sink mechanism and carbon sequestration capacity of dif-
ferent forest ages of Pinus massoniana , based on the sample plot survey, this study selected the method of
space instead of time,and selected the P. massoniana plantation ecosystem with roughly similar site condi-
tions and different forest ages (6,19,32,58 a) as the research object. The biomass was estimated according to
the harvest method and the method of establishing the biomass model of each organ. The soil samples of 0—
60 cm soil layer were collected to determine the organic carbon content of each layer of the ecosystem,so as
to estimate the carbon storage of the ecosystem. The results showed that the contents of organic carbon in the
shrub layer,litter layer and root system of P. massoniana plantations at different stand ages showed an in-
creasing trend,while the herb layer showed the opposite trend. The overall organic carbon content of each
layer showed litter layer > shrub layer > herb layer > root system. The carbon storage of the ecosystem
showed an increasing trend,and the over-mature forest increased significantly by 144. 14%. Among them,the
variation of carbon storage in tree layer,litter layer,root system and soil layer was consistent with that of e-
cosystem,while that in shrub layer and herb layer was opposite. The contribution rate of carbon storage in
vegetation layer increased,while the contribution rate of carbon storage in soil layer decreased,and there was
no significant change in litter layer. The annual net carbon sequestration of young and middle-aged forests
was higher than that of young and middle-aged forests,indicating that the carbon sequestration capacity of P.
massoniana plantation was strong and had a relatively high biological productivity level. Close-to-nature res-
toration can further enhance the carbon sequestration capacity of P.massoniana plantations of different forest
ages. Improving vegetation layer biomass and soil carbon content,enhancing soil carbon sequestration capaci-
ty,optimizing forest structure, maintaining high productivity and reducing human disturbance are important
measures to improve the carbon sink function of P.massoniana plantation ecosystem.

Key words: Pinus massoniana plantations;ecosystem;carbon storage;distribution pattern;forest age
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