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Dynamics of carbon storage at different aged Koelreuteria paniclata tree in
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Abstract: Over the past decade, Koelreuteria paniclata was introduced in manganese mine wastelands in central southern
China as a suitable plant species in order to remove metals from the contaminated soils. In this study, we examined changes
in biomass and carbon storage in 3 K. paniclata plantations at 3-, 5- and 9-year old stands in a Mn mining wasteland. We
measured biomass and carbon concentrations in various plant organs and soil depths and estimated total carbon storage in the
forests to gain an understanding of the dynamics of biomass and carbon in the plantation ecosystems since phytoremediation.

The result showed that; (1) The different tree organs biomass, total tree biomass increased with aged stands, and the
proportion of stem biomass in the total tree biomass increased with increasing of stand ages. The biomass in undertorey layer
increased with aging stands with dominant component of herbaceous vegetation; (2) The carbon content ranged from 0.51

gC/g 10 0.53 gC/g, in overstorey layer and was higher than that in understorey layer. The carbon content in soil layer ranged
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from 0.01 gC/g to 0.03gC/g, and significant differences of carbon content were found at the same soil depth in different
aged stands; (3) The biomass carbon storage was 1.66.18.32 and 49.87 t/hm’ in 3-, 5-and 9-year old plantations,
respectively. The stem was a dominant component of the tree biomass carbon storage, which accounted for the larger part of
the total biomass carbon storage, from 27.71% at 3-year old stands to 43.43% at 9-year old stands; (4) The total carbon
storage was 77.76.101.63 and 149.86 t/hm’ in 3—,5—and 9—year old K. paniclata plantation ecosystems respectively. The
carbon storage in soils ranged from 76.09 t/hm” to 99.93 t/hm”, which accounted for 66.68%—97.85% of the total carbon
in the ecosystems. The carbon storage in litter layer ranged from 0.01 to 0.04 t/hm®, which accounted for 0.001%—0.02%
of the total carbon storage in the plantation ecosystems. (5) The carbon storage in vegetation layer ranged from 1.67 to
49. 89 t/hm’ in the aging stands, accounting for 2.15% to 33.29% of the total carbon storage in these forested ecosystems.
The carbon storage in different components of the aged K. paniclata plantation ecosystems was in order as soil layer >

vegetation layer > litter layer. Our results may provide scientific references for sustainable forest resources management and

carbon sink forest development in vegetation restoration of mining wastelands.

Key Words: Koelreuteria paniclata ;plantation ;stand age; biomass; carbon storage; Xiangtan
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Table 1 Characteristics of different aged K. paniclata tree

il Mo 2 P fa A P Bk A B oW Mo
Age Density Average Average Biomass of Stand biomass Stand productivity
/a / (#k/hm?) DBH/cm height/m individual plant/kg /(t/hm?) /(thm2a™')
3 2250 1.51(0.94) 1.73(1.02) 1.40(0.27) 3.16 1.05
5 2566 6.12(1.13) 5.81(0.51) 13.30(4.93) 34.12 6.22
9 3100 25.05(2.97) 8.38(0.65) 32.92(8.00) 102.06 13.34

5 NI kiR

2 EYENERFEMRE 4 HiEAE

2.1 MOAY I B TR ARKRE R
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VEREHARIEA 1 0k, 2L 6 %, 7E LI Ar i A M T
FLERARAE, H A0 2R 2 1m X3 B, M Ar i A
B CRLEAR 2 )RR 0 fef B AR R,
IPE R (R KR (d>0.5em) HM (0.2<d<
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Table 2 Stand biomass and its distribution ratio indifferent aged K. paniclata tree organs
i3 4 il | N
o e
£e Stem Branch Leaf Bark ge Stark Total
/a root root root
MY 3 0.86a 0.68ab 0.38b 0.16bc 0.12be 0.19be 0.38b 0.39b 3.16A
Stand biomass( t/hm?) (0.30) (0.13) (0.09) (0.04) (0.02) (0.21) (0.07) (0.09) (0.60)
5 14.15a 6.05b 3.02bc 2.95bc 0.16¢ 0.24¢ 1.90c¢ 5.66b 34.11B
(2.12) (2.04) (0.84) (0.52) (0.06) (0.09) (0.29) (1.58) (5.66)
9 40.75a 22.36b 7.94bc 7.18bc 0.44c¢ 0.66¢ 5.29¢ 11.04bc 102.06C
(10.85) (8.92) (11.87) (1.41) (0.22) (0.28) (1.52) (2.68) (24.80)
SBL L Ratio/ % 3 27.23 21.64 11.87 4.98 3.95 5.92 12.06 12.35 100.00
5 41.48 17.72 8.85 8.64 0.46 0.70 5.56 16.58 100.00
9 33.93 21.91 14.06 7.04 0.43 0.65 5.18 10.81 100.00

55 WER AR IERR s [T AN RN 5 R 2R 22 5 .35 (P<0.05) 5 [AFIAR IR RS 5 fE20R 22 5 A .35 (P>0.05)

5.1.2 HE#E MY E Y

& 3 Al LA, A RIS 25 R R A S R gerh
HHE)Z B LT AR )2 R o g X3, oAy
3.16—102.06 t/hm?, 5 A5 9 )2 S A9 & 99.10% LA
b TRAS 2 RN R 2 A W A 0.01%—0.06% .,
M 3 AT LI H AR R DR AR Ok 3 RSy
5 AEAER  MRHEA T 06 IR HER | AR R Z A ) i

BEAPR L 18 o v 385 hn, AEHE AR 9 3 A R FE MRS N B o
FEEAR T H0AR )2 1M H 5 4 A bR A H AT 56 b
Y2 S ) 2 A ) BE AR G T n , A= ) e
i 5 4F A bR LAY 0.02 v/hm? 35 K 3] 9 4F A= bk Hb Y
0. 16 t/hm” , PLPARIBK & Sa J5 , MM 4G L BL T 5%
S, HBEE MR H i i A R i

x3 FERWAIMEHEMEMBENEENERSE

Table 3 Biomass and its distribution ratio in vegetation layer (t/hm?)

JZIK Layer

3 4/ three years 5 4F4: five years 9 4/ nine years

F+AJZ Arborous layer 3.16(99.37) 34.11 (99.93) 102.06 (99.96)
WEA)Z Shrub layer — 0.004 (0.01) 0.01 (0.01)
HIARJZ Herb layer 0.02(0.63) 0.02 (0.06) 0.03 (0.03)
B Z Litter layer KA1 Un-decomposed — 0.003 0.02
243 Semi-decomposed — 0.008 0.06
EL43#% Decomposed — 0.005 0.08
/Nt Sum — 0.02 0.16
A1 Total 3.18 34.15 102.26
F55 B A 4B

5.2 MPUZR RS E R E SR
321 FRARBREG R

Xt 3 4FEA: 5 AR AR 9 AR AR RS R 2% B i A i
PRI A 25 5 (6 4) A, 3 AF AR ZRA A5 20 B i 7 1 A
FEYE A 0.50—0.54 ¢C/g,5 4N 0.52—0.55 gC/
2,9 4ELEH N 0.48—0.56 oC/g, 3 4E/EAI 5 4EA 28
B 1 e AR T i i, 9 48 AR DI A B /8, 45 MR i
i ARHEFE 5351 R -3 A4 > RAR > B> Hi
RS SHMR SR> B, 5 A > KAR > I >4 > 4
HRSAHR S S AR S K2 9 AFEA A SR S > RAR > > >
FARSANAR S Bz, BRI 85 B Ik R & i BRAEAE 25 5, (1

ZRAEE(P>0.05), WA MERIRE T3 & 1ok
F B RIS B RO B B A /MR K (0 22
SAEZE(P>0.05)
5.2.2 MR HEHEE FNBE G2 0k A

M Z R R e R WL S, TE
S FEEARZIRE R 0.47 oC/g BB T 9 4F
AHARZERERE S & SRR EARZRE T RE
0.41—0.49 ¢C/g Z[A],5 FH AR Z MR & &K T
TEARJZ M0 9 AR AH B SEB B 2 IR 3R & 5 v, 5
AEA R b AR AR Z R i TR A R R o i
JZ T 9 AR W E o R 3R G TR
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Table 4 Carbon contents of different organs in different aged K. paniclata trees (gC/g)
RNt + 5 it B ZHAL HIAR KA Mk T8y
Age/a Stem Branch Leaf Bark Fine root Coarse root Large root Stark Average
3 0.54 0.53 0.51 0.50 0.50 0.51 0.53 0.50 0.51
(0.01) (0.02) (0.02) (0.01) (0.02) (0.01) (0.01) (0.02) (0.02)
5 0.55 0.53 0.53 0.52 0.53 0.52 0.54 0.53 0.53
(0.02) (0.01) (0.01) (0.02) (0.01) (0.01) (0.01) (0.01) (0.04)
9 0.54 0.56 0.53 0.48 0.51 0.53 0.54 0.55 0.53
(0.02) (0.01) (0.01) (0.02) (0.02) (0.01) (0.01) (0.01) (0.05)
o5 NI A kiR

x5 TRRRERKTEEEMEBEMERS S

Table 5 Carbon content of underscore and litter layer in different aged K. paniclata trees (gC/g)

TP Z Litter layer

e MR WA . o . s
Age/a Shrub layer Herb layer RO oy eI Average
Unrecompensed Semi-decomposed Decomposed
3 — 0.49(0.03) — — — 0.49(0.03)
5 0.47(0.01) 0.41(0.02) 0.49(0.02) 0.43(0.07) 0.23(0.07) 0.40(0.05)
9 0.46(0.05) 0.49(0.04) 0.53(0.03) 0.52(0.02) 0.57(0.03) 0.51(0.02)
155 WAL AR R

53 HEEEmGE

6 TLLA ), A& LA K 2 B X I8 b + 35
A PR & RAE 9.83—10.62gC/ kg Z ], 7EHI IR
SEH S TR AR 3 2 A Lk & i 13.36—
26. 96gC/ kg Z IR, = T %] JE Hl 4 3 2 A4 LA 7 it

A MBS RIR B 49800 & i 22 F AN 3 (P>0.05) ,
AN [RIAR U A IR BE 1 etk % & A7 7E 25 5% (P<0.05) ,
HEARTRIBAR S - 58 e 1 15 5% ok Bl 25 PR 10 38 o iy 384
SN, 9 AF A= bRl 4 e f 5 5 S T R 3 4R A
1S A MM (P<0.05)

R6 TRKKRITERESSE

Table 6 Soil carbon content in different aged stand forest ( gC/kg)

Mt Age/a 0—15cm 15—30cm 30—45cm HJ{H Average
it 10.62aA+1.10(1.31) 9.83aA+0.49(1.31) 10.37aA%0.89( 1.31) 10.27A+0.24(1.31)
3 13.35bA+1.07(1.29) 11.74bA+4.56(1.30) 14.99bA+5.96(1.28) 13.36A+0.94(1.29)
5 14.08cA%1.63(1.26) 15.84cAB+3.72(1.24) 14.41cA%2.96(1.25) 14.78A+0.01(1.25)
9 24.56dB+4.66(0.81) 27.18dC+3.60(0.82) 29.14dB+3.40(0.83) 26.96B+1.33(0.82)

BUE N AR R ; 155 RO b IR AT AR IR NS PR 30R 22 5 AN B3 (P>0.05) 5 [FRIFAR R RS 5 BE R 22 5+ .35 (P<0.05)

5.4 ISR TR S R Gehcdt i B 23 8 A
5.4.1 ZERIARE AR E BAf

MRS S R R R R E S Ay R
ILEME OSSR, R, 25 3% B R it o AN A ) 6 K%
K, WNFTATLIE 3 44 5 A4 9 4F A28
RERRAE 43 59 1.66 ,18.32 i1 49.87 t/hm?, Bl &
RIS BTG A0 ( P<0.05) o A FRIBH T- B fit 12 Bk
e LS 2 T LA AR i i (P<0.05) , 4 TR fifs
T RN TR i e 1 LU A5 Bl AR 0 P R T
Jn, 3 AR 27.71 %38 N3] 9 AEAE R 43.43% ,iX

S ST AR BN R A

T 25T EE T, 3 A7 A ZRARAR T R A f) B
A W5 25 5 IR T it i A = T AL AR
2 B At B = AR UCHE T T > A > A Sk > AR
SIS KR > B2 S 20 5 5 AR AR 2R AL e R Sk ik fifh
EESALE HE5R AR KR 25T B &0
B AR UHE T T >R Sk > 8> > Hz > RAR > M
HR>AHAR ;9 41 A 2B AL AR Sk ik fifh o 25 5 1 W 2
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Table 7 Carbon storage in different organs of different aged K. paniclata trees (t/hm?)

Ml + 4 Branch it * ZHAL HLAR PN ek it
Age/a Stem Leaf Bark Fine root Coarse root Large root Stark Total
3 0.46a 0.36ab 0.19b 0.08be 0.06bc 0.10be 0.20b 0.20b 1.66A
(0.16) (0.10) (0.05) (0.02) (0.01) (0.02) (0.04) (0.05) (0.35)
5 7.70a 3.30b 1.58be 1.40bc 0.08c 0.13¢ 1.03¢ 3.08b 18.32B
(1.29) (1.08) (0.42) (0.23) (0.03) (0.05) (0.16) (0.84) (3.11)
9 21.66a 12.83b 2.45¢ 3.43¢ 0.24c 0.36¢ 2.84c 6.06bc 49.87C
(5.51) (5.23) (0.93) (0.66) (0.12) (0.16) (0.80) (1.47) (14.20)

155 BRI AR IS ; [T AN R)/NG PR 30K 22 5% B35 (P<0.05) ; RIS RS FRER R 225 A .35 (P>0.05)

5.4.2  ZERWRAE S R GuhRAG B K A 6] 4 A

ISR N TR S R G i e £ 2R 3 A4,
FE#E )2 SEHIAE AN R IE)RE S 3 AR B 2SR T
R A% 43 B 8 77.76,101.63 t/hm? 1 149. 86
vhm? (3% 8) , HrobRHh 4 58 )2 il &2 5351 4 76.09
t/hm® 83.29 t/hm® F1 99.93 t/hm’, (& B fif & )
66. 68%—97.85% , PRI i A Hhy 338 2 X S fc i 2k (14) BT
BRI K, 1E Ryt 1) AR | 70 R rb €O, 07
TS 2 AR AR 2 i fif i 1.67—49.89
t/hm?®, b7 BB A 10 2.15%—33.29% , TE A8 # )2

TRARJZE N 1.66—49.87 v/hm?, 5 A8 9 2 0% fiF & 10
99% LA I, o] WA JZ RAEYEZ £ BRI AU LB )
kA% B 0. 01—0. 04 tv/hm?, |5 M 6% & 1
0. 001%—0.02% , SEHuE ) 2% e fith ot 20 ) FE A
S RGERRAG P BT LG, (A e e R AL
B 1 T SR R, 7E = 38 HILAR 1) B 2R 4 B 0 R G
TR EEAEH A FEMIE 2SR A S R Gk
fith B 1 0 A0 4 Ry Ry s 2 HE 2 > B B2 > BE b ) 2
(K1),

x8 AEHREMKAEEREEERZED %
Table 8 Carbon storage and distribution in different layer of different aged K. paniclata trees (t/hm”)

FEHY)Z Litter layer

82 Soil layer/cm

i RE S AR EARE
vay:A 24 Mt ayA
Age Arborous Shrub Herb A ¥ ﬁm Gt JNF N A1 Total
Under- Semi- De- . 0—15 15—30 30—45 )
/a layer layer layer Sum Sum
composed decomposed composed
3 1.66a - 0.01b . - . 25.84 2236  27.89  76.09¢ 77.76A
(0.35) (0.00) (0.19) (0.82) (1.02) (1.61) (27.99)
5 18.32a 0.002b 0.01b 0.002 0.003 0.001 0.01b 26.60 29.48  27.22  83.29 101.63B
(3.11) (0.00) (0.00) (0.00) (0.001) (0.00) (0.00)  (0.29) (0.66) (0.53) (0.88) (7.86)
9 49.87a 0.01b 0.01b 0.01 0.003 0.03 0.04b 30.57 3334 36.02  99.93c 149.86C
(13.44)  (0.00) (0.00) (0.00) (0.00) (0.00) (0.01) (0.74) (0.56) (0.52) (2.18) (5.97)

$E5 AR IR ; AT AN/ NG B2 AR IR AN ] J2 0Bk 2257 03 (P<0.05 ) 5 [RIBIARIRD R S 7B AN IR BT 4k 22 53 .35 (P>0.05)

= BEEE DHERUR - SRR

43 Hie be A3l
Distribution ratio/%

P Age/a

B 1 FERRESREBREESE LS
Fig.1 Distribution ratio of carbon storage in different aged K.

paniclata tree

[ — MR 2R AR HE AR | FA 2 FIAE M B )
JE A B 22 5 AN 3 (P>0.05) (H 32 FrAR)z
AR HEL B2 B i B 9] 22 57 .25 (P<0.05) o AS[RIAR
W LR 2 AR G A fif i () A7 A8 22 57 .25 (P<0.05) H
S B T P2 TR U B B 24 AR H T R

6 HR5ITE

3AEAE 5 ARAERN 9 AEA TR N TARAE S R G
ARJZHEW4y 90 3.16 34.11 F1 102.06 t/hm?, H pifi
RIS B I AN WA 2R, 9 A AR 2R b R o AE W e 2 S
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AEARIY 2.99 175, & 3 AEAE Y 32.30 £, AR E A
Y18 999% LA - s MO A= P ik e e, i AROR B
PIi 27%—41% , 250 N TARAR 9 1 45 1) 40 A7
N TARESEAZE S ZSHEAR)Z

ANTR] R 28 RN AR TR R 2 SF 3 ik 1 6 AE
0.51—0.53gC/g Z 1], 7F T 50 Fl gR AR AR 2 5 ik
RWE N SR X D RS R 0.51 o€/
gt "SR s AS TR BRI 2R 45 2 B R A AR L N
0. 48—0.56¢C/g, 5] 74 8 4FAE FEAAH N TACA ]
PRI 0.47—0.51 oC/g " AR B T
P9 10 44 H R AR N TARAS [R]85 B ik & 2 (0.44—
0.48 gC/g) ™" 15t HH $th 3 AR A 28 1Y 1) 745 £k AT g ok
RO 5308 B Ml 5 2t 7™ A — A 52 1) 5 AN [R) MRS 25 B e
R PEYEAE 0.48—0.56 gC/g Z ], 5 8 4EA: M
KRN THK 0.48—0.49 gC/g " AL ; A G AR IR 75 K 2
KA E R RIS M R K R IR R A
BETNA B S AS R AR ARG A 25 B B R R
AR AR RS R MR E R R R R A R
0.46—0.47 ¢C/g, HAZEHN 0.41—0.49¢C/ g, FL LB
YIIEH 0.23—0.57 gC/g, ZRM N T MOMRBR 7 525 8]
R TRARE S TR, 3 0] RS PR A 254 B
TER R TF K, FL R BRI 38 i, AR 438 AT S
0, DA T 5 ) 380 AR 43 N 8 D6 A RITK 45 S A 1
(4728 ] 43 E , 2 1T 53 M 38 6T B A R 2 A A 1 A
K DA B 9% 1 8 50, e 4 TF ol L 3R 2 Rl 11
25 [8) 53 BCAFAE

ANTRIAR % 18 2 A5 AR - 3 % 58 13.36—
26.96gC/kg Z ], W @ AWK T~ 48 1% 2 A1 AL M 9 ) )2
Al — PR AR LRk S R E R AR E (P>
0. 05) 5 AN [) ARt AH R R B -+ e i 7 12 (0] f7 7F 22 57
(P<0.05) ., HIRAEHEXF 11 AFLE A AR - HERR Y
R FI 0—45em 3R 5 i BE TR B 1 n i 2 28
SeHE NG D B RS TG X 10 AE A Tk
A N TR 0—40em + 3545 HLEK B 5t 45 AH [F] 45
FOARMIFEAL 5 A4 E R PR & = IR E AL S
IR EE A — 2, A RIS AN TR R B 4 e B
ARAR I FE B R TR T 5T oM X R ST b, £
W A TS S SR MR 22 | - B ik 1 o B R AR £k
R N R THE K, T LIS R B 4 48k &
TP BRI — BN RIS 1 T 1Y
SRR N 9 4 PIERF S RS 3 RS

A PR BT 38 B (R A AR 25 5 S B o
P85 B BE AR 4 A8 Ak T B W 48 N, Stevenson' > A
B, A LR AR SR AR MOUS AT LAE 2 s,
SR JE 1G04 T B T NS | I i 2838 B P, A SR
SRR F G AT . R, X DX 5 1 1
TR, ANURT DA B X PR 6%, A3 4850 B 1k 7K +
A T ELAT DAORAADT X A el it

PRIARIE L B A [R], 28 4% B B fiff 2 A7 7E
FE5¢ N TR 2% B B A B 7E 0.06—21.66 t/hm* Z [H],
ANTRIBRES T A 2% S e it k78 Fb Y L 1.66—49.87
vhm? AT G IR TR AR JZ Bk 6 it 63.70
v/hm® 20 2 RS 10 38 4 2R TR A J2 it i
FHIN(P<0.05) , HA W T DTk R K, (NI AR
SR LI 3 AR ARG 27.719% 38K 2] 9 AR
43.43%,

358 )2 i it A8 A0V L 76.09—99.93 t/hm?
Z I8, F 10 AR AR E R AR N TR 4 587 ik fif
(69.38 t/hm*) " K T30 [ ZR AR 1+ 37 5 % i
193.55 t/hm® 7" - 3ERR 128 2 i b A= 25 R GURRk IR 1Y
TR, E CO,, MR SN h kG EE
YEM.

FERREAR AT DX I 7 b A P A2 1) 234 T
PRI AR AR B 2R bR A 25 2 496 A B it 2 53310
77.76 .101.63 i1 149.86 t/hm’ , ¥l T3k F AR k2R
BRGH T Y ih% i 258.83 v/hm?? {H 9 4E 4R 1
ISR R i i (149.86 1/hm?) 2155 T 10 4R E R
FiE N TARA S R G RR A i (123,11 t/hm?) P

AR ELAT T S0 38 107 1k i A5 R A 7R X 2
B R RSP TR % 32 1 DX A i, el R
WX, A A A IREE WS L T AR D e 45
HELEARE B E L Bk, #ESURRAE
W DXAEA S A A R I LAHE . 1 T A TR
AR S RS2 2 Y R %A+
PEFAN, 10 Z R A B A5, 1 MRS 3R AR 1L
SRS P R [RIARES (404l ORISR ) AR
MO A BEIRITE P AR 5 i AR B i A 4 43 it 1 1 DA
KA St i O SR R 2 AR S ) 1 e
HHUBR o, 5T A 5T 06 42 1t b T 4 i bR B B
A I i Kl Re AR AL R T HEA TR
(DRTIE
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