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Characteristics of Carbon Storage and Sequestration of Pinus tabulae formis
Forest Land Converted by Farmland in Loess Hilly Area
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Abstract:In order to understand the carbon sequestration of ecological forests in Loess Plateau of Gansu
Province,we toke the different slopes (sunny and shady slope) and restoration duration (conversion of 6
years,9 years and 12 years) of Pinus tabulae formis plantations as test objects and by the methods of plot
investigation and biomass measurement. We studied the carbon content in different plant organs,shrub lay-
ers,grass layers,litter layers and soil layers and the carbon storage and its allocation in tree layer, shrub
layer, grass layer,litter layer and soil layer. For the test plantations,the carbon storage content in different
P. tabulae formis organs ranged from 48. 15% ~53. 90 % , which in the order as follows: stem>lecaf > fine-
branch™> thick-branch > stump > thick-root > bark > large-root > medium-root > small-root > fine-root >

cone;in shrub layer was stem>>leaf>root;in grass layer was abovegrond™>underground;in litter layer was
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fresh™decomposing. The carbon storage in the soil profiles(0~100 cm) increased with plantation age but

decreased with soil depth. There are significant different of difference slope positions in 0~10 ¢cm and 10~

20 c¢m. The total carbon storage in sunny and shady slopes of the 6-,9-and 12-year plantations was 42. 90,
50.50,59.22 t » hm * and 45. 08,53. 77 and 65. 70 t « hm %, It was considered that P. tabulae formis had a

good carbon sequestration function in sunny slope and shady slope. The shady slope was better than sunny

slope and being able to be an ideal tree species in Loess Plateau of Gansu Province.

Key words : conversion of cropland to forest; Pinus tabulae formis plantation;carbon storage;carbon allocation
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Table 1 Forest characters of P. tabulae formis plantations in different habietats and restoration years
IRBEAEBR/ $ 1) R B Tz R AR A FR ST b5 353 S A1

Restoration Altitude Slope Average Average tree Density Shrub coverage  Herb coverage Community Canopy
years/ slope /m /° DBH/cm height/m ~ /(trees » hm™?) /% /% coverage/ % density

6 4F A

6-year 1362.32+6.53 23+1.43 2.0540,31 2.0140.66 2 953+25 13.45+2.43  45.2543.32  56.42+2.78 0.4340.04
sunny slope

6 47 B 4

6-year 1352.15+11.39 2241.04 2.83%+0.53 2.5440.49 300833 13.71£3.27  48.92+5.52  59.7942.47 0.45+0.03
shady slope

9 S PR3

9-year 1237.284+33.17 1740.92 4.1740.82 3.1940. 69 2 911+56 16.32+£4.51  43.2844.14  58.3842.48 0.49+0.04
sunny slope

9 AR

9-year 1177.224+27.16 1940.58 4.81+0.55 3.76+0.62 2 985+79 19.57+3.65 48.41£3.19  63.5243.76 0.54+0.05
shady slope
12 4o

12-year 1216.21£22.42 16%1.24 5.6310.48 4.1740. 82 2 883+61 21.73£2.18  49.33£2.07  65.67£3.51 0.5540.05
sunny slope
12 4E 1

12-year 1054.76 £27.84 18+1.93 6.92+0,74 5.2140.73 2 951+42 22.27+3.88 52.63F£4.76 67.97+4.83 0.6240.06

shady slope
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Table 2 Organ biomass(W) allometric equations
of diameter at breast height (D) and height (H)

of P. tabulae formis

#H Organ HRK R Allometric equation R?

A Root InW=—0.985+0. 322In(D? H) 0. 962
W Bz Bark InW = —3.140+0. 55In(D? H) 0.987
R Cone InW=—4.059+0.579In(D? H) 0.975
BT Stem InW=—0.17340. 309In(D* H) 0.982
A Branch InW=—0.07840. 199In(D* H) 0. 964
B Leaf InW=—1.954+0. 351In(D* H) 0.994
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Table 3 Carbon contents of different organs of P. tabulae formis with different restoration year/ %

mr B #E 6 4F 6-year restoration BHE 9 4E 9-year restoration B 12 4 12-year restoration Ty

Organ WY Sunny  BIS Shady WY Sunny BB Shady WIj Sunny B4k Shady Mean
B+ Stem 53.31%0.51 53.2940.07 53.6240. 54 53.6340.62 53.9040. 58 53.5240.45 53.5440.47a
Mk Fine-branch 52.01%0.63 51.2940.17 51.9240.61 52.0340.57 52.3040. 45 51.714+0.76 51.874+0.57 b
HMLBL Thick-branch 51.22+0.76 50, 7740.47 52.0140,52 52.2341.04 51.7540.68 52.0340.23 51.6640.77¢c
M Leaf 52.3540.82 52.4241.21 53.0840.23 53.7440.45 53.6140.58 53.3940.51 53.0940. 84a
A Fine-root 49.23+0.37 49,2940.59 49, 84+0.73 48.424+0.85 48.15+0.81 48.4140.97 49,0540, 81gh
/MR Small-root 49.6310. 64 49,26+0.49 48, 7440.75 48.92+0. 60 49,53+0. 82 49,1940, 88 49,214+0.67g
H1 R Medium-root 50.60+0.59 49, 68+0.56 50,5640, 48 50,2640, 32 50,1040, 28 49,4140, 89 50,1040, 64
KA Large-root 50, 80=0. 88 50,5540, 74 50.82£0. 44 50.6240.57 50.09£0. 65 50. 0440, 27 50. 5240, 62ef
HAR Thick-root 51.56=1.30 50.5840.58 51.4440.42 51.2940.88 50, 7540, 52 49,6940.58 50. 8840, 92de
HRAE Stump 50.62+0.58 51.3941.01 51,2941, 00 52.1540. 90 50,6240, 57 50,7940, 49 51,1840, 84cd
B K Bark 50,560, 44 50, 6240. 95 50,4140, 58 50, 8440.92 50, 8840, 57 51, 7740.69 50, 8440, 75de
Bk H Cone 48.26=1.03 49,014+0.85 48.53+0.59 48.5740.47 49,1440, 30 48.00+0. 95 48.58+0. 74h

T ARNG SRR % 2 B S 522 5 % (P<0.05),
Note: Different lowcase letters represented significant difference among the carbon contents in different organs at 0. 05 level.
x4 AEARHERMBRAINHEEVE EAE EXERTIEEHREE
Table 4 Carbon contents of litter layer,herb layer,shrub layer and soil layer of

P. tablae formis with different restoration years/ %

B HE 6 4E 6-year restoration BHE 9 4E 9-year restoration JBHE 12 4£ 12-year restoration

28 Har
Layer Component FH3E Sunny B3k Shady FH3E Sunny B3k Shady FH3E Sunny B3k Shady
A S a0 & [N 92
1:&%%}% KM # Fresh 43.56=0.53 43.6440.55 43.2440.11 44,1740.51 44,2140.75 43,9440, 61
Litter 273 Decomposing 39.31£0.52 38.1441.00 38.5640.05 39.6340.68 39.0940. 65 38.2840.98
PN |4 Aboveground 42,47+0.47 43,1640, 21 42.9440.51 43,1740, 27 43,4540, 87 43.0640.58
- A
Herb layer gy F# 4 Underground 39, 2840, 54 39,840, 41 40.23+1.04 39,920, 66 40.46+1.16 39,930, 43
I Leaf 43,43+1.08 44,0740.79 43.65+0.33 44,7240.93 43.544+1.03 44,2040.58
A = Stem 44,940, 59 44,3240, 22 45.3840.75 46.5640. 86 46.52+1.08 46.0240.55
Shrub layer
# Root 42,53=0.56 42.3640.83 42.43%0.70 42.1440.29 42.6640. 64 42.1741.03
0~10 cm 6.1740.06Fa 6.2340.08Ea 7.82%0.03Da 8.1940.04Ca 9.0940.03Ba 9.5040.06Aa
10~20 cm 4,7240. 04Fb 4,9440.03Eb 5.08£0.03Db 5.1140.04Ch 5.2340.04Bb 5.4140.04Ab
Sﬁ%ﬁ’ir 20~30 cm 2.304£0.04Cc  2.3140.03Cc  2.3540,02Cc  2.4440.05Bc  2.3940.02Bc 2,490, 01Ac
30~50 cm 2.2340.04Cd 2.2740.02Bcd 2.2620.03Bd 2.3240.04Bd 2.4340.02Ac 2.4540.03Ac
50~100 cm 2.2440.03Bd 2.2540.02Bd 2.26£0.02Bd 2.2840.03Bd 2.3240.10Bc 2.4340.02Ac

TR RS 5 BRI R [ 35 1o 18] 28 55 18 2 R )/ 52 Bk 7 (] — SR A A7 FROAS [F) 4143 [R) 22 53 2 3 (P<0. 05)
Note: Different capital letters meant significant different among different aspect at 0. 05 level,and different small letters meant significant difference among dif-

ferent soil layers in the same restoration year at 0. 05 level.
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Fig. 1

Carbon storage and its allocation proportion in tree layer,shrub layer,herb layer,

litter layer and soil layer in P. tabulae formis plantations

A~D. Sunny slope; E~H. Shady slope; [ . Fresh litter; [ . Decomposing litter; [l . Aboveground herb layer;

IV. Underground herb layer; V. Leaf of shrub layer; VI. Stem of shrub layer; \[. Root of shrub layer
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73.83%0 1 69. 6820, I A J2 4 18.81% ., 24. 40% F
28. 45 % V& )= R 0. 60% 0. 73% F1 0. 88 % , B
AJE N 0.75%.0. 78 % F 0. 76 % , HEARJZ HO. 24 % .
0.26%F10.23% (& 1,H),

SMEE K M FRBHERT IRARZ A Z .
B TR R A B R A A e A A B M > PR .
TC i B 3 I B3 I AR 2 R0 0 3 22 2 il A AR Y 32
BRI BB 6 4F .9 A 12 AR IMAR AR TR K2 A 5
Wy )2 EEAR 2 R )2 RN 4 )2 1 i i 1 TR B A
FA—FLH L IR Z R K TIARBIRZ  HEARZ 5
JIN o B 7 TR AT B G T e R PR 5 8 43 SR ik i
PRy s, HiBBF 12 4 >9 4E>6 45,

HI 3% 5.3 6 AT LA o BH 35 R0 BH 33 A0 4F o A2 7
T3 B [ Bk 1 78 A AR B AR — 3, B LR BE 12 4F
BB k2. 46.1.25 t « hm F13.02.1.57 t »

x5 MAPEHBRAIRESERSE

Table 5 Annual net carbon sequestration in P. tabulae formis plantations in sunny slope/(t « hm ?)
JBHF 6 4F 6-year restoration BHF 9 4E 9-year restoration B#F 12 4F 12-year restoration
4 . . o - . e . - =
B ) R P R kP R
omp Annual net Annual net Annual net Annual net Annual net Annual net

productivity carbon storage

productivity

carbon storage productivity carbon storage

TR JZ Tree layer 2.07+0.26 1.0840.32 2.3440.19 1.2240.37 2.35+0.28 1.2140.18
MTEY 2 Litter layer 0.1140. 03 0,050, 03 0.1040. 03 0,040, 01 0.1140. 02 0,040, 01
47t Sum 2.18£0.29 1.1340.34 2.44£0. 21 1.2640.36 2.46£0. 29 1.254+0.19
6 PAHBEMAINFELZEREGE
Table 6 Annual net carbon sequestration in P. tabulae formis plantations in shady slope/(t « hm %)
JBHF 6 4F 6-year restoration BHF 9 4E 9-year restoration B#HF 12 4F 12-year restoration
4
ok ey R by B ) B
-omE Annual net Annual net Annual net Annual net Annual net Annual net

productivity carbon storage

productivity

carbon storage

productivity

carbon storage

TrAKJZ Tree layer 2.6540.33 1.38%£0.26
W& 2 Litter layer 0.1140.03 0.0540.01
A1t Sum 2.7610.35 1.4340.27

2.74%0.41 1.43£0.24 2.91%0. 35 1.5240.26
0.1040. 03 0.04£0.01 0.1140.02 0.05+0.01
2.8440.43 1.47+0.25 3.02+0. 36 1.5740.26
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hm ™, SRR B 12 45 i 45 o 8] B o J oK. PR
ATV AR 7 DRIV e [ T 249 /N T B 88 5 T B 3 B
AL AR B [ 7

31 ®

3.1 AERHMEREFERANHRAIRER KRS
=K fEE 8%

ARBFFEH AR BE 6 459 4R 12 Al A MR R
J2 A5 B i TE N ) IR B AR PR BOAS TR 38 38 A
22 5%, Ut B IR AR AR B B 3k 1) AT R ) S A PR T A ik
SR A B S RAE 48, 15% ~53. 90 % Z i) A8
b, S S Bl 50, 88% o 7E [ Y MBI 5 H R
0. 458 SRy IR A Bl 25 2 G AL A I A Sy il S A ik
it BEESE T RE S BT A2 6 i/ . S AZ AR
AN 2% BB i ELA R . MR LB A5 A A ik
HIKTRAZ M T &40 & & ERZ AR
LA 1Bt A BT MR 4y 3X 0] fE S A
Fz 22 % B [a) Bk 3 A 6, HE T R A 06 A 1
FIA AL T B s s 7 0 A 43 ik R 25 1) ke 25 ot B
T AR AS L X T R S5 R VR W R A A L
BT RA

B 5 1 B R 1 385 T il A PR T AR J2 e £ ek 1
K HBAB R TR . Horb, B S BIGR B 12 48
Te AR 2 ettt 43 30 &y 15. 09 F1 18,69 t » hm™*, fI§
FHRED (24,20 t « hm 2) ., T & (30. 37 t
hm ™ 2) Fll g /N EELI (62, 08 t « hm 2) [ Il AN Bk i
W TR AR A B A A R (10,23 t e
hm ™) X 5l K% EEFRROLR., WM
i G R ITRARAS R &5 B FE il I 5200 HL Rk 7 o i X))
R FH 3 R4 0.5 VBN 7 AR OK R #4852
FLAF 5% b A7 7 7 b 5% 1 25 5, #8800 R S S50k it it
FEAEZESE . ASWESE b L BB A ek KT BA33E  3X FT g

S E WK

SRR SRR RSN R A O LT
BT KOS TR A K RILEE, REH
BEORBA B IR AR 12 4R A N TR 48 5% L i 7
A BIF 5 285 SR R e ] R bRk i it SF- 48 7K SF- (57,07 ¢
hm ™ *) "5 U B2 Xl A N TMFE 38 B 1 25 1 R
A R 3 K 4 1) 4 R BRI B RV 7
3.2 AEBRHERERFERANTHRAIKLERS
ERBEENE W

Wi 2 - B TR B (38 0 s S [ 3R R AR R B i
BB & i 2 BN 5 R s R
{FL2 (] P RIF 9 6F - 8 ik it A A o 1) 25 S KR il
2550 LR B Y Al ST 4 BT S Rk A i R 91,7 ¢
hm 2, 0 8 B 5 WFgg 45 R 0 193.6 t « hm *,
Pk A SR Aif 5 S M PR TT ARARE R AR
B MRAE B s R AN VR A O
A RETE T 2 P45 R — B, AR g Rh R
I R R 38 i) S R o 9l P R 9 A )
.o PS5 ISR AR 6 4.9 4 12 4 LA HLIK %
R B

e VTR R AN S B NTIBIEY e oY RS THE VAN B N
AN T 22 R A bk 457 2 B it B oy AR AIE S5 2 B, AR A
6 4.9 AEFN 12 A AN AR 25 R G0k fif 1 43 T
6 Jm 349 DA 3 2 W f i e K TR R R IR HER 2 B
/N, 5 Finér ZE9V AF G0 45 R A — 30, FLAS [R] 3% 17
) LB 5 AT A 25 7 IR SR BN B B K T k.
NFESE % B AR B o i D BH 3 R0 B B 258 B
TR AR 4 T 0 8 25, FL B 3% B0 F PR . R )R
BRAERR b, DURBE 12 4F 30 A8 bR 2E 25 3R 55 Bk i e I
K TR 6 AEFLEHE 9 4F h A bRBR i B L (H 2 AR
T8 A i AL B DX A AR it o S 2 K7
Bl AR S R G T et it S BRI 12 4 )5 T A
N CMAT A 38 I fi 2 1 s 1 .
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