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Abstract: Carbon (C) and nitrogen (N) are major constituents of plant and soil organic matter, and play a fundamental
role in nutrient cycling, plant growth, and ecological function. Biogeochemical cycling of C and N has attracted much
attention because of oxides released from ecosystems to the atmosphere are important factors driving global warming, and N
availability limits plant productivity. Forests are the main C pool in terrestrial ecosystems and have a substantial influence on
the global C cycle and atmosphere carbon dioxide (CO,) concentrations. However, C and N storage in forests vary greatly
because of differences in forest type, forest age, regional climate, and soil conditions. Forest harvest and restoration lead to

different forest types and structures, which are important factors in decreasing and increasing C and N stocks. As such,
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research on C and N storage in each component of the forest ecosystems will be beneficial in the evaluation of the impact of
different management regimes on C and N pools. The subalpine forest in western Sichuan is important for water resource
conservation and is an ecological barrier in the upper reaches of the Yangtze River. Historically, large area of fir were cut
down, and the area was restored with three different forest types (including plantation, natural secondary forest, forest
under mixed influence of artificial and natural sources) , which have different species composition, including the presence
of spruce; the change in C and N stores is still unknown. More studies are needed to calculate C and N pools in this region
because of its varying topography, community diversity, and complex ecosystems. In this study, C and N stores in different
forest ecosystems of Abies faxoniana primary forest ( AF) , Picea asperata broadleaf mixed forest (PB) , natural secondary
forest (NS), and Picea asperata plantation forest (PA) in the subalpine of western Sichuan were quantified. The results
showed that ecosystem organic carbon of AF, PB, NS, and PA was 611.18, 252.31, 363.07, and 239.06 tC/hm’, whereas
nitrogen storage was 16.44, 12.11, 15.48, and 8.92 tC/hm’. Distribution patterns of carbon storage between soil and
plants, not nitrogen storage, had changed between primary and restored forests. Carbon storage of primary and restored
forests was dominated by vegetation and soil, respectively, whereas nitrogen storage was dominated by soil. Carbon storage
of the tree layer accounted for 56.65% , 17.63% , 13.57% , and 22.05% of ecosystem total storage, soil layer (0—80cm)
occupied 32.03%, 69.87%, 76.20% , and 72.12% for carbon storage and 76.80%—92.58% for nitrogen storage. The
proportion of carbon and nitrogen storage of woody debris and litter were 4.40—9.83% and 2.94—7.08% , respectively,
which were higher than that of the understory vegetation. Abies faxoniana primary forest had high carbon storage, and it is
especially important to protect. Three kinds of restored forests had high carbon sequestration potential, especially above-
ground indicated by low above- and under-ground carbon storage rations. Natural secondary forest was beneficial to carbon

accumulation and plantation forest to tree carbon storage.

Key Words: C and N storage; distribution; primary forest; restored forest; subalpine of western Sichuan
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H) AR -18C (1 A) B K & 850mm' ™ | ZAE M FEA K FE WF5T X N 2B AR A R 0 & Ll R G
EEFIERR T 7E 20 H4E 50—80 4R, LAV AZ At S B ) S A b A T B SRAR R, Z S AT T
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Table 1 Characteristics of different forest types

; e ) , . W
B R Ui i) il Mt i Densituy
Forest types Altitude/m  Slope/(°) Aspect Age/a DBH/cm Height/m y2

(#k/hm?)

URTL&AZ AR AR

E 192 .81 20.14 .67
Abies faxoniana primary forest ( AF) 33500 36 S ? 39-8 0 366.6
B A2 bk
Picea asperata broadleaved mixed 3000 38 ES 28 9.02 6.07 2260.62
forest (PB)
FKARUER .
Natural secondary forest (NS) 3000 35 ES 30 9. 50 10.19 2083.33
; T
AE=ZATH 2900 — — 30 11.40 8.28 1433.33

Picea asperata plantation forest (PA)
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Yt itia,

R AU R A R R A R BT AR AR IR

TX = Y, (Xi x Li x BDi x 0.1)
i=1

Ao, TX ARESCE G (Vhm?®) s Xi 05 2 B PR LA & & (o/ke) s Li A5 | 2JZEE (em) ;BDi
i SRR TE (g/em’) ;0.1 BN R 2B
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KR LR R T 25 0 AR 30 AN R AR AR IS 28 [ e R0 it 1) 25 57 (N =3) I R/ N i 35 25 515 (LSD) il AT 2
I, BE M2 R RAE 0.05 K, SR SPSS 17.0 Al Origin 8.0 HEATEE 44 Al 4]

2 HREH

2.1 FEBEE R AN L AR R

WRIT AR IR IR AR 2 (UG TR A Z AR HHUZE AR AR A ) B R B B 35 3 TRLE = 2 F ik K
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tC/hm* 1 0.37—1.16 tN/hm*, 5351 5 T A 2 5k U 2 19 14.46%—33.97% 1 30.52%—39.64% , FHY) 5% Ak
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IR YT Y8 A2 T L ARAR 3% (AR B i 1k 5K (60.06 1C/hm?) , FLUR A3 311k AR YR AE AR (29.36 tC/hm?®) KL Z 44 fi it
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AR IR A ST B ATl A 155 0T A 40 55 A T it i 19 T iR o5, 9 o L8153 R 71.319% ,63.23% 1 76.37% , FH
B Z A2 N TR 22.52% ; S5k fit i A AL BEANR] AN [R] AR TR AR ) 5% A R 1 349 A O 9% 0 1 o3 ks v, RELARS:
I N AR B R At L 5 A G A AU 5 00 L1 38 93.17% , Hees — iR A 1Y 42230,y 60.68%—
63.74%
2.1.3 MMHE#)Z

R A 4% 2 B AU 0 1) o A E TR AR Y 2.20%—18.76% F1 6.01%—26.01% , A 5 3 K #E K2 >
BEEZ>SHAZ M o> H 058 HEARZ B U A2 AS [R] MR ] Fr 225 Ak S 1R S22 30 R R 5 A2 e i bk R
SRURAE RS IR TV A2 JE AR RS RS 25 A2 N TR 5 A J2 B AU ek R e B M IR VT8 A2 T bk > SR SR Uk AR bk >
Ke ZAZ [ RS RURL A2 N TbR & B 2 e it B A8 A A R VT A2 IR AR AR>S BB 2 A2 N TR S B 25 A2 F o>
FIRURAM, R R AR AL R IR TR R TG MRS A 2 A2 [ MRS AR IR AR RS AR = A2 N TR
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Table 2 Vegetation C and N storage in different forest types

IRIT VA2 I Ak

Ty AR

P. asperata broadleaved

RARUHAM

HE R ATH

Aoy A. faxoniana primary forest mixed forest Natural secondary forest P. asperata plantation forest
Components

Bkfifi i Rk Tkfit bk Bkt EX s Tkfif bt

C storage N storage C storage N storage C storage N storage C storage N storage
FeARJZ Tree layer
7+ Stem 172.14+7.94aA  0.56+0.03bA  19.26+3.04aB  0.07+0.01cB  27.11+3.84aB  0.10+0.02aB ~ 23.88+2.19aB 0.08+0.01dB
i Brunch 34.22+1.63cA  0.40+0.02dA  14.67+3.51bB  0.28+0.07aB  8.66+3.56bC  0.16+0.07aC  11.01x1.08bBC  0.14+0.01bC
M Leaf 23.37£0.13dA 0.49+0.004cA  4.61+.075¢C ~ 0.18+0.04bB  3.88+1.04bC  0.14+0.05aB  6.27+.61cB 0.17£0.02aB
R Root 116.51+6.97bA  0.97+0.06aA  5.95+0.87¢cB  0.08+0.01cB  8.81+1.65bB  0.11+0.02aB  11.54+1.08bB 0.11£0.01cB
At Total 346.24£16.40A 2.42:0.11A  44.49+2.52B  0.61:0.06B  49.25:4.86B  0.50+0.11B  52.71+4.80B 0.50+0.05B
HEARJZ Shrub layer
Hb_ 1 #843 Aboveground 3.08+0.92aB  0.06+0.02aB  9.13+0.16aA  0.19+£0.01aA  4.68+0.67aB  0.07+0.01aB  0.89+0.18aD 0.02+0.004aC
M43 Underground 2.17+0.13aB  0.04+0.005aB  3.18+0.12bA  0.10£0.01bA  1.20£0.23bC  0.03+0.01bC ~ 0.42+0.06bD 0.01+0.001bD
At Total 5.26+0.83B  0.10+0.02B 12.31£0.21A  0.28+0.02A 5.89+0.90B  0.10+0.02B 1.31£0.24C 0.03+0.01C
FARJZ Herb layer
Hb_ %843 Aboveground 0.72£0.20aA  0.03+0.01aAB  0.56+0.15aAB  0.02+0.01aAB  0.53+0.08aAB 0.03+0.004aA  0.41+0.09aB 0.02+0.005aB
T #5 Underground 0.41+0.09aA  0.02+0.004aA  0.23+0.15aB  0.01+0.001bB  0.29+0.09bAB 0.02+0.005bAB 0.33+0.02aAB  0.01+0.001aAB
At Total 1.13+£0.26A  0.04+0.01A 0.79+0.16AB  0.03+0.01B 0.82+0.16AB  0.04+0.01AB  0.74+0.11B 0.03+0.01B
HHEZ Moss layer 2.75£0.46A  0.08+0.01A 1.16+0.13B 0.05+0.01B 1.09+0.14B  0.05+0.004B  1.36+0.14B 0.04+0.003B
ﬁ;ﬁiijﬂzgﬂatmn 9.13+0.18B  0.23+0.01B 14.26£0.23A  0.37+0.03A 7.80£0.99C  0.19+0.02C 3.41+0.49D 0.09+0.01D
ABiER K WD 42.83£2.54A  0.46+0.06A  10.92+1.33C  0.16+0.01B  22.42+5.92B  0.17+0.06B 2.37£0.21D 0.03+0.01C
TATEY)Z Litter layer
RIME)Z LL 3.33+0.27bA  0.10+0.01bA  1.26£0.26¢cC  0.05+0.01cC 1.87+0.31bBC  0.06+0.01bBC ~ 2.06+0.52hB 0.07+0.003¢B
i JE FL 8.56£2.07aA  0.3420.09aA  3.13+0.46aB  0.13£0.02aB  3.53#4.16aB  0.15+0.03aB  4.16+0.20aB 0.18+0.01aB
oMz HL 5.34+0.55bA  0.26+0.01aA 1.96+0.11bB  0.09£0.001bB  1.54£0.19bB  0.07+0.01bC ~ 1.93+0.23bB 0.09+0.003bB
A1l Total 17.23£2.81A  0.71x0.11A 6.35:0.82B  0.27:0.03B 6.94£0.67B  0.28+0.03B 8.16+0.45B 0.35+0.01B

RPBAE AT E PR, BRAHE AL 1C/hm R N/hm? - R[N TR R R4 401 28 5 3, AT AR R PRI AR 8RS 5 RERR R ]k

1A 2 5 .

2.2 TIEREmA MR S RS R
221 HHERA S

RAT N+ Z IR L 5 - HERR (AR F=6.551,P=0.007; 1 JZ:F=5.862,P=0.008) . & (#k/>.F=
5.372,P=0.014; 12 .F=3.405,P=0.044) i, Wi LZREMIGN, DA S ESE TREHE (K 2) .,
VR m R i LR IR U AE M i (55.33 .2.87g/kg) , R 3 S IRVTVR AZJBUAG R (3915 2.53g/kg) AL =42
AR (35.26 2. 14g/kg) FIAHAL 242 N TAR(34.48 11.59¢/kg) .

http ; //www.ecologica.cn



6 S % 378

IR R AF - 7] MsEeisk PR R mphkdbk NS [ BB ZE# A TH PA

& & C content/(g/kg) R & N content/(g/kg) X Bulk density/(g/cm?)
0 10 20 30 40 50 60 0 0.8 1.6 2.4 32 4.0 0 0.3 0.6 0.9 1.2 1.5

T
cB

0—10 aA F ba
- H abA
£ 1020 -
o
E %F_% aB
f="
(5]
e}
= . h abA
2 KRR 1 1A
© aAB
ﬂ"'-_% ........................................................... H bA
40—60 A aA
Wﬁ aA
aA
S Ha
— aA
60—80 o
ig—_¢ aA

1 FAEFHEETERASENEE
Fig.1 Soil C, N content and bulk density in different forest types
Pl R B DA P BB e b 5 5 S [R) /NG S R RS R AR A3 AR [R] o J2 1) 28 5 W 36, AN IR K < B 3R AR ) e J2 S TR bR 4[] 22 e . 3 (P <.
05) ; AF \PB NS Fll PA 35l AURIRIT i A2 IR i Ak ML 242 R AR R AR U LE AR A2 AN TR

2.2.2 IR L

N[ PR ARSI+ AR AU et AR B35 25 55 (P<0.05) , LR R AR YK A bR i 8 v T ARkt
(SIRITYE R JE AR AR AL = A2 R AR R (] 22 S AN 3 ) o B U et 76 S [) AR PR S 7R ] ) AR A i 34
— 30, ¥R RIRRAEMS IR VT AZ JF IR MRS R 25 42 [ i RS BEAS. 25 A2 N TR, i 124303 R 276.67 ,195.75
176.29 #1 172.40 tC/hm” ; BB & 4350 14.33 .12.63 .10.71 F1 7.96 tN/hm*( £ 3) ,

®3I FAEFWER LIS QRS
Table 3 Soil C and N storage in the different forest types
S

RIREG ALY GYIN FIRUAAM LSy NI S
. . P. asperata broadleaved .

A. faxoniana primary forest . Natural secondary forest P. asperata plantation forest
+2/cm mixed forest

bt i AbHh Bkt ik Abk Bk B Atk Bt i Ab

C storage N storage C storage N storage C storage N storage C storage N storage
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Fig.2 Distribution pattern of carbon (a) and nitrogen (b) storage in different forest ecosystems

AF \PB NS #1 PA 70 A CRIRTT IS AZ JEUA AR B 2 AZ R AR AR A MR 2 A2 N AR

3 itit54i1R

U F /8 E Ak (1and use—cover change ) J2 5 Ml filk & fifh 1 %) B 2L R 6 63T RS IR YT A2 S B
RAEZS R G it i = T 242 AL R AR AR (L M SRR AR AR ) 79 357.620C/hm® ) FR [ - b b [X 21 48 L
MR(—250a) B 269.571C/hm* ) 222295 MR JFAAFRAY 169.23—435.57tC/hm* ) Je 0 I PAHT L) 1 TR AR S B
ARG 340.471C/hm® Y 3 /NTF IR AP IR K TAEMK (A W B 2 75 1 1867¢C/hm® ) M) s AR T T I E K 2% A
SRR XURYT IS AZ R (213.7a) 1Y 618.86tC/hm> | R ELAEAL B2 B AF MR AR . 2 BOR [R) b X 0 MR L6
25 SR DR PR R PRBE A (TR | B R 2 A BEAR B S MR 56 ) RIE RN S R AR L K B 4R 3 1 52
(MR S 1 RIEIWKE J5 s LR SRR AE AR S R Gk e i, i TR E AW AE S R F1
2% B (258.83tC/hm*) 1) i HE BRI AR A B4 00 Tk AR R 75 R G0 10 T E i 2, F2 B R IAE 1 B2 A
K225, 0T e T ARAEAU = A2 % 3R A TR T e AR i KRR E AR B T4 5
TR E R

http ; //www.ecologica.cn



8 S % 378

IR AR A S RGN B R, O A W R ARG s R BN TR e RS TR
B BUG F FRIFYE e — AR 2 B 7K P 7 9630 T A0 F 8 30 S5 S R AR AR R 340 BT 111 3t R P
AT (4a) SoRRAK L 30emRA% i, 200 26a FKARFEFRI AR E ) s K I XUB] X 20 26a [ SRVK R 1 39 m AL fif
HEIEAWKE " ARG 25T 30a B, - HERR ARt BRI MR T A2 SRR AR A K-, HL SR Uk A bk
+- R Ak S T AN AR E 73X, PTRE R B T AR LEAR LR A2, AR X S sh N, B
MR BA KA TR, A AT R R AT R E . AFEBRMRAES REGH IRV A2 G AR K
SRR A R - SR i i v T 3R AR L S Y TR 8 B (193.55tC/hm? ) M) i 38 06 H 4440 T e [ 7R bk 1 45
SR BE (34.64N/hm*) 7 X Fh2s B R R R RS BRI AR RIS A R A N R i
B

— IR, E R A R R E RSP AR 0—40em + 2 IR A H 7
JZ(0—80cm) 1 50.47%—62.97% 1 50.85%—58.61% ., - HEffk A it i 7F T £ 7 ) b SR R B Rk % 1
IEARRI W W 22 B RO, X SR IL AR S R G o8 25 S — B0, AT e PR R 9 X el
T HEABRS R, RHEOWIAE AR T e AU B A TR 25 ek . RIEA E R AR B A2 e it
M, BT FLBRE /N R AE /N, I B 383 2 i U0 i LU o 3 T AL e M

HIRZIT Y 30a BIVKE RN [RIVK S T O3B Z80 it 5 DR VT8 AZ SR I MO 22 30K, 2 B A B A6 AT
JZ 35 SR AR XU I BT 111 3t RN MR S ARORIT S M X LA ST A4 SR — B, R T L PR R R
FRMABE B AR A 2 28 0 [l 12 AN AR - HoAT B PE . TR A2 A DY 2 i A i 1 1 A, AN
Y52 T7 ARG s 8 44.49—52.71 tC/hm? , /)N F- 45 % AH 3T 1) B S FH 45 K (294, 100.56 tC/hm?) | £T#E
(33a,97.25 tC/hm” ) FI L A (33a,80.79 tC/hm?) "' {HE T8+ FBE X 30a A HHA TAK(30.11C/hm?) "
IS 22a AEAEILTE RS A T AR (29.39 tC/hm®) (S1a HEARUKAEAK(41.81 tC/hm®) 00 5 )11 76 Je BE 94 37 755 1)
40a &t FETRASHR(78.531C/hm? , MR AT BB EH 0.5) 121 1 39a = A2 HAK(79.57tC/hm?) A I, A IX 3 FhA
[FIPR I ARG T A2 AT e A BRI BRICRE JT o AR 7 RS A it 0.50—0.61tN/hm® , /N T 23 [A] R AE
BRI RS A LEAR (0.81tN/hm?) | K S HE 2K (0.86tN/hm?® ) K HIRAZHK (0.65tN/hm?®) ) A B 5% 44 1
EYRBRMAS RGN E B NER 5, AR S R G K IR IR | % 50 W0 A7 A 006 40 55 O 1l 2o 2 1
R RS ARMRRI R AR BAR AREE AE4 Z Y AR BIE SR AR A TR AR 2 AR R ) R A Bl | R o
di AR S R G B 1 4.40—9.83% 11 2.94—7.08% , WRITA A2 F A ok AR R fif Bt 155 35 42.83 tC/hm” | & H:
JRIEYZN 2.5 4%, G ERRGER K 15.35% , A T B A W58 H A0 ORI B3R AR o s F- 358 10—20% ( 4k
WdE ) BT IR T R 5 A R AR SRR U A A A B AR i 1 A S 1 TR 2 N T, R
SRAR I8 B A AR AR o3 A A 8 A AR B, N TR T MO8 S-28 | AR =~ A2 AT T T MBI B, Ak 1k
B T AME I IS B A2 BT — i W R AE ), 2 th TR XK Tl , AT PRBE I, A1) 1 5 &
A R T 1.09—2.75tC/hm® | W& 2 TR 2Bk fifi it . 7882 AR ARIRAE MR AR, AT BB JE B T &bk 43t
[F)J2E R L BRI T S8 AR

FRMA TS R G Ao R A 52 AN ) D 2R RS I, A2 25 2R Gohik B et 6 A 40 R - 398 1) B9 BU 7 32 MR U )
SO, DRIAARZE R I A AR AR K B T R e, PR DL LR Bl B v T 4 X S I TR AR AR AR Y
WFr s e —2" ) BAN 3 Pk A Y R B LI ESHRAZ S REKE, X 5HE AT 46
ARE 032 RRTR A AR R AE AR O IR A5 R — 3, 3 BRI RO A S R GRS IR VTV A2 SR AR MR
15, F1 T BRI 4 85 T AA AR AT X dal AR M foe Kol 2 B2 Y, BRI, 3 R R MK o B e K BRRIC T 1, 78
23 (A1 Ja b WRVT VS A2 JE G AR T / i b B0 LU 1.06 3 HUEL 25 A2 RE AR R SR YR A MR AV 25 42 N\ T bR
K, 0 2.78 .3.77 Fil 3.40 , F W RIVKSZ PRS2 K e i 47 25 ] JU LR ILAE L 3843

ZRE VAL A0, PO 25 1L DR VTV A2 SR A AR ELAT 55 5 A i RUA B, W26 LA 7 5 B DR A, B 1k i 5 —
TCAEEAR o FARUAE MR R T - 3gmfit i R R LA 5 A2 N TARTe A 205 it i v T SR R 2B R, ML A

http ; //www.ecologica.cn



414 XML &5 1P I g LA ) R AR 25 ZR G R B L0 B Sy 9

TAZIE AR, AT RER TR A S R TR SR BRI S, EMNES RGN, RNIKE T U
M THESRGERARIEE . 5350 WAL R AR FERAR v W), S e BRI, 7 U2 AL Y
KB, A IR COL RO BRI A 5 M) 75 25 T

5% 3Lk ( References) :

[ 1] Nieder R, Benbi D K. Carbon and nitrogen pools in terrestrial ecosystems//Nieder R, Benbi D K, eds. Carbon and Nitrogen in the Terrestrial
Environment. Berlin Netherlands: Springer, 2008 . 5-43.

[ 2] XUEsC, BemiZe, WIFsc, sk, FRLres. PGS s LN AR 2040 S Jay B I 8 3 i 4 Ak ) R ML 422, B A 2524, 2009, 20
(1): 1-6

[3] FuXL, Shao M G, Wei X R, Hoberton R. Soil organic carbon and total nitrogen as affected by vegetation types in Northern Loess Plateau of
China. Geoderma, 2010, 155(1-2): 31-35.

] Lal R. Soil carbon sequestration impacts on global climate change and food security. Science, 2004, 304(5677) : 1623-1627.
[ 5] skikfe, SIERL ARG B BRI R E R RE IR 43 4. GBI RRE, 2008, 36(9) : 3654-3656.
I EXE, TGS, T O AT Rk ARG ARSI I 23 4% Je. PR D 3 HhERBLE, 2008, 38(9) : 1092-1102.
] Post WM, Emanuel W R, Zinke P J, Stangenberger A G. Soil carbon pools and world life zones. Nature, 1982, 298(5870) ; 156-159.

[ 8] Melillo J M, Butler S, Johnson J, Mohan J, Steudler P, Lux H, Burrows E, Bowles F, Smith R, Scott L., Vario C, Hill T, Burton A, Zhou Y M,
Tang J. Soil warming, carbon-nitrogen interactions, and forest carbon budgets. Proceedings of the National Academy of Science of the United States
of America, 2011, 108(23) : 9508-9512.

[ 9] Reich P B, Oleksyn J. Global patterns of plant leaf N and P in relation to temperature and latitude. Proceedings of the National Academy of Sciences
of the United States of America, 2004, 101(30) : 11001-11006.

[10] Solberg S, Andreassen K, Clarke N, Tgrseth K, Tveito O E, Strand G H, Tomter S. The possible influence of nitrogen and acid deposition on forest
growth in Norway. Forest Ecology and Management, 2004, 192(2-3) . 241-249.

[11] Fan HB, WuJ P, Liu WF, Yuan Y H, Huang R Z, Liao Y C, Li Y Y. Nitrogen deposition promotes ecosystem carbon accumulation by reducing
soil carbon emission in a subtropical forest. Plant and Soil, 2014, 379(1-2) . 361-371.

[12] Janssens I A, Dieleman W, Luyssaert S, Subke J-A, Reichstein M, Ceulemans R, Ciais P, Dolman A J, Grace J, Matteucci G, Papale D, Piao S
L, Schulze E-D, Tang J, Law B E. Reduction of forest soil respiration in response to nitrogen deposition. Nature Geoscience, 2010, 3(5) .
315-322.

[13] Tonitto C, Goodale C L, Weiss M' S, Frey S D, Ollinger S V. The effect of nitrogen addition on soil organic matter dynamics; a model analysis of
the harvard forest chronic nitrogen amendment study and soil carbon response to anthropogenic N deposition. Biogeochemistry, 2014, 117(2-3) .
431-454.

[14] Hyvonen R, Persson T, Andersson S, Olsson B, Agren G I, Linder S. Impact of long-term nitrogen addition on carbon stocks in trees and soils in
northern Europe. Biogeochemistry, 2008, 89(1): 121-137.

[15] Gentilesca T, Vieno M, Perks M P, Borghetti M, Mencuccini M. Effects of long-term nitrogen addition and atmospheric nitrogen deposition on
carbon accumulation in picea sitchensis plantations. Ecosystems, 2013, 16(7) : 1310-1324.

[16] Aber J D, Nadelhoffer K J, Steudler P, Melillo J] M. Nitrogen saturation in northern forest ecosystems. Bioscience, 1989, 39(6) : 378-386.

[17] T4, 87, R, 4p&. Pl LR LR ZR kA A R e EUBE TP D RERTIE. Sl 24412, 2010, 18(3) : 576-580.

[18] EIfFkE, ®LAER, Bk, Xhae, mapfe, WLEl, T, &EBEHRTILA N TARES R A& £, 2013, 33(3):
925-933.

[19] LaXT, YinJ X, Jepsen M R, Tang ] W. Ecosystem carbon storage and partitioning in a tropical seasonal forest in Southwestern China. Forest
Ecology and Management, 2010, 260(10) : 1798-1803.

[20] SRA, W], XM VG R LA T SAZPRH B SRR 0 R 50 ARk SCRONE. A AR TRIRZA31, 2004, 19(6) : 761-768.

[21]  JES3, XUPC, XUthAr, R, MR, (0, TR, VOIS I S A2 bR BT PR, R 452490, 2004, 24(2) : 261-267.

[22] 27, Bk, LAER, ML, WRTTIRAZME R WA REE 45 M AP TP Z BP0 3038, B ??ﬁ 2014, 34(13) : 3661-3671.

[23] XUEE, somAk, XU, SRECHE. I PY 0 & L B RER SR TR AR JZ A Wy e 2R ™ ) B SRS E i 28 Ak, A5, 2010, 30(21) .
5810-5820.

[24] fF3R1=, SRiZiy, TITiz, WEX, BE. IR L 5 AR A S REERIBAR R HL) A= 252741, 2009, 33(2) : 283-290.

[25] Zhang YD, GuF X, Liu SR, Liu Y C, Li C. Variations of carbon stock with forest types in subalpine region of southwestern China. Forest Ecology
and Management, 2013, 300 88-95.

http ; //www.ecologica.cn



10 G 37 %

[26] NiXY, YangW Q, LiH, Xu LY, He J, Tan B, Wu F Z . The responses of early foliar litter humification to reduced snow cover during winter in
an alpine forest. Canadian Journal of Soil Science, 2014, 94(4) . 453-461.

[27] RIGAS, BFHL, XIS NV B AR AR #5047 ol B, 2005, 41(4) : 189-193.

[28] MR, 2R, PURRAK. dbat: dEMOl AL, 1992 1-368.

[29] JAtE, . PG AR AR TR P RO BT 2 BT 5. ARl B, 1980(2) + 154-156.

[30]  wh4se, Mokak, skai, XARM, #83C, ERI, FhENS, N AL E R AR AR X 4 Fp E 2 A AE YOS, Mol A
4, 2014, 35(4) ;. 27-31.

[31] VHt, RER. ZAZKBMSEY AL IRBTTE. WWIMLARHL, 1986, 7(2) : 5-13.

[32] Harmon M E, Sexton J. Guidelines for measurements of woody detritus in forest ecosystems. Seattle: U. S. LTER Network Office, University of
Washington, 1996.

[33]  SRIEGEA. TN =Fh A ZRAMOHSE AR SRR (CWD) fERATFE[ D], 7M. Frilides, 2008.

[34] XGRS B EAZS RGBT LM S BT hR i . RIS BT S SRR, Jbat. o EARER R, 1996.

[35] %ik, #AER, EUEE, XI5, Fumte, B1ll, T, R DRI A Taibk X HOR A HMAE S R gk Aft . A8
&, 2015, 35(18) : 6051-6059.

[36] LoY H, Blanco J A, Canals R M, De Andrés E G, Emeterio L S, Imbert J B, Castillo F J. Land use change effects on carbon and nitrogen stocks
in the Pyrenees during the last 150 years: A modeling approach. Ecological Modelling, 2015, 312 322-334.

[37] Fernandez-Romero M L, Lozano-Garcia B, Parras-Alcantara L. Topography and land use change effects on the soil organic carbon stock of forest
soils in Mediterranean natural areas. Agriculture, Ecosystems & Environment, 2014, 195. 1-9.

[38] Pibumrung P, Gajaseni N, Popan A. Profiles of carbon stocks in forest, reforestation and agricultural land, Northern Thailand. Journal of Forestry
Research, 2008, 19(1): 11-18.

[39] EHHM, M, Tikr. ARICH PR R 2 MR F A S R G B B 71, A4, 2010, 30(7) : 1764-1772.

[40] e, PLETEMFAFIAMARAR S PRI AT AL RE I WIFE [ D] IPAIRAR . NS8O R, 2009.

[41] RFPE, Z20ME, QKU FDuts, Bobug, MRS, MRITEK. JQugll Buif i mIAR C 3R S Ao B b . i AR 252441, 1998,
9(4): 341-344.

[42] Keith H, Mackey B G, Lindenmayer D B. Re-evaluation of forest biomass carbon stocks and lessons from the world’s most carbon-dense forests.
Proceedings of the National Academy of Sciences of the United States of America, 2009, 106(28) : 11635-11640.

[43] JAESR, TR, B, o 3 ZRMA S RG-SR, 2000, 24(5) : 518-522.

[44] Jrizge, ST, Brown S, JAlRER, SRATHH, 220875 shithil A 2R DRI IX A DLARI S AP TCARAE. 245244, 2004, 24(1) : 135-142.

[45] %M, PMEE, MR, XUPC NIPEE e 1l A2 N TR 5 A v 22 - ek s A8 . B IAEAS“#41, 2009, 20(11) ; 2581-2587.

[46] W3EE, W, FAR, EWEm, THM, FH, FOTR. KEAWXEIX B RRE 26 445 130k F & BRE. AR, 2014, 33(7):
1757-1761.

[47] SRR, FEMEAS, BEIT. o E AL IERUE BEARIY. PUm AL R0 AAABIERR, 2004, 26(5) : 572-575.

[48] UG, PEBRMASRERBARI . Wikht SIS PEBE. AR, 2012, 42(3) : 252-254.

[49] LiT]J, Liu G B. Age-related changes of carbon accumulation and allocation in plants and soil of black locust forest on Loess Plateau in Ansai
County, Shaanxi Province of China. Chinese Geographical Science, 2014, 24(4) . 414-422.

[50] HpmamN, EEM, SCILA, XEE, ML, ME, 2R, SRR R A S R AT AN I AL S 53 A RHAE. AR 23R, 2015, 35
(15) . 5215-5227.

[51] SCPER, BRzWl, . 284 e KON R R R AR Ut o ek R, o AR 2431, 2014, 25(2) ¢ 333-341.

[52] 39, W, R, MIRE, AR, k. A KAtk R HIRZMA R ARG €N L A 2824, 2005, 25(12):
3146-3154.

[53] 8ARF. PEBMAES RGP AR JEat. JERCRY, 2013,

[54] Brown S. Measuring carbon in forests: current status and future challenges. Environmental Pollution, 2002, 116(3) : 363-372.

[55] Muller R N, Liu Y. Coarse woody debris in an old-growth deciduous forest on the Cumberland Plateau, southeastern Kentucky. Canadian Journal of
Forest Research, 1991, 21(11): 1567-1572.

[56] Harmon M E, Hua C. Coarse woody debris dynamics in two old-growth ecosystems. Bioscience, 1991, 41(9) : 604-610.

[57] JEMA, J . m S R AR 2 RO DE A B (A e K HC X B PR P ZE SR AR AR 5243, 2005, 29(4) ¢ 559-568.

[58] XU, T5H, FRR, KGE, RPN, 5T RAM A Pt 5 5 407 b [E AR ARB A RIS B v Ty . b [E 2% B ARl 2015,45

(2): 210-222.

http ; //www.ecologica.cn



