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FEMRY 11.70 F112.29,

KR AR Al Sm; G ECRR, SRR SR S A&

Carbon and nitrogen storage and distribution in four forest ecosystems in Liupan

Mountains, northwestern China

YANG Lili"*, WANG Yanhui'*, WEN Shizhi*, LIU Yanhui', DU Min'*, HAO Jia', LI Zhenhua'
1 Institute of Forest Ecology, Environment and Protection, Chinese Academy of Forestry, Beijing 100091, China

2 College of Forestry, Central South University of Forestry and Technology, Changsha 410004, China

Abstract; Carbon (C) and nitrogen (N) are important elements of forest ecosystems, and quantifying C and N storage and
distribution is a critical step for better understanding of C and N cycles in forest ecosystems. C and N pools in forests vary
greatly, depending on the forest type, forest growth stage, and site quality. The mechanisms controlling the spatial and
temporal variation of C and N accumulation in forest ecosystems, especially in the northwestern China, have been

sporadically investigated in the past. In this paper, the content, storage and distribution of C and N were investigated in four
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typical forests at the Liupan Mountains in Ningxia, northwestern China. The four forest types included Larix principis-
rupprechtii plantation, Pinus armandii secondary forest, Betula platyphylla secondary forest, and Prunus salicina shrubs.
The concentrations of C and N were measured in different organs of the trees, and the contents of C and N in the vegetation
layers of trees, shrubs, grasses, and layers of humus, and soil (0—100 cm depth) were estimated. Storage, composition,
and distribution of C and N in these ecosystems were examined. The results showed that the concentrations of C did not
significantly differ among the different organs and tree species, but the concentration of N varied. The highest N
concentration was found in the leaves and the lowest in the trunk. The contents of C and N were higher in the above-ground
biomass than in the below-ground biomass for both shrubs and grasses. The C contents decreased in the order of tree layer >
shrub layer > grass layer, but N contents increased in the order of tree layer < shrub layer < grass layer in the studied
forests. The C content was lower in the humus layer than in each of the vegetation layers, but the situation was opposite for
the N content. The contents of both C and N decreased with increasing soil depth. The total C storage in the four forest
ecosystems was in the following order: B. platyphylla secondary forest (640.02 t/hm*) > P. armandii secondary forest
(450.98 t/hm*) > L. principis-rupprechtii plantation (364.56 t/hm’) > P. salicina shrub (196.55 t/hm*). The total N
storage decreased from 47.02 t/hm” in B. platyphylla secondary forest to 36.19 t/hm” in P. armandii secondary forest, 27.86
t/hm’® in L. principis-rupprechtii plantation and 15.99 t/hm’ in P. salicina shrub ecosystems in the study sites. The amount of
C and N in the soil (0—100 ¢cm depth) accounted for the major proportion of the total C and N storage in the studied forest
ecosystems , with the range of 84.7%—93.9% for C and 98.1%—98.6% for N for the four forest types. On average, the C/
N ratio in the soil and in the entire ecosystem was 12.48 and 13.52 in B. platyphylla secondary forest, 11.84 and 13.12 in
L. principis-rupprechtii plantation, 11.70 and 12.29 in P. salicina shrub, and 10.76 and 12.56 in P. armandii secondary
forest, respectively. In addition, the C/N ratio decreased gradually from the tree layer to shrub layer, grass layer, humus
layer, and mineral soil layer. Our study demonstrated that various forest types had different ability for the sequestration and

accumulation of C and N in the studied area.

Key Words: carbon; nitrogen; content; storage; distribution pattern; forest ecosystem; Liupan Mountains

A7 A R R M A B Ay T B 2 DT B A SR PR PR 1) T, A7 G CO, B WA 1 7 ARl 2 B K
BRI T B PSRRI o AR Bl b 2E 28 R G0 B 2N B P, L ittt ot il A AN R G i e
60% '+ TELERE A BRERAG IS RIS R K CO, MR T i 55 Jr T & 456 FBEAE R AR by o ARbR A 4 B ik 2 28
L EZE LR, AR AERCAS S 1Z 63, Townsend 251 A, BITIE TR I A BRI o5 4Bk < 2707
M 25% Fi A SRTT, Bk SR R ITRE RE 73 3 AR AR BIR it AP 3E AF TR LA . ZEAEEBRIRAT ML IX, TR i
NESSONAS TR I 0.3—0.5 Pg MYRRINAE 7, (A ATRFIT R, 3 H A IS R B S 398 Jin A 25 2R 4 1 ke
WAES R AE P Rt i ik ROT R M EAE DS A S R G A 7= 0 s ) Mkase PR
SRR ) LB AT TR R R I, T B A AN [ b XA [R] R AR B L U R 4 BRI [RD B R 2 R
KRGS o BN LT 245 T FE SRR At B e - 1> o b S P e ARG X £
BUEMA R RGN EE AL, T ES 58 L3, /WA 3 AT A 0—100 em 42 Ak
it 5 b AR AS R G RAERE ) 55.77% .57.83% F1 62.52% 5 - 38 A% B S o5 A X 3, FLRT o 48 9 S oA
92.00% .93.72%F0195.53% , BEFEHEAE TR I, AN IR B BE A2 N TARARL 20k RURA 0N 82 e it
1 32.35%—56.01% F 3.14%—6.22% , # F %" WF 98 & B, ¥ K ( Cunninghamia lanceolata ) F11 K J1 1
( Michelia macclurei ) 2libk 2 HIRAS M) 1380 A6 &3 AR R G B & 0 F 23855, kA AT K2 %
T, ORI IR E R 4 R XA & B, RN TR AY - e AU B AR S R SRR R 63.3%—
83.3% M1 80.3%—91.4% . FH L AT UL , AN[] iy XHIAN [ BR AR RS - S AR J Ak 42 A E 91 22 S AR, AR TR A B A
JE TR IR RN 2 S (4 S DL AT A 0 S0 28 TOUIU RN XA | 505 AEAS [ b DA [R] R A T R oY, T
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JE R P A AP

TEFR FE K 7 2 L R A ™ B RGPS AL T R EOKHIX, LA 4Rk — EAE R HESh « =87 Bdrobk R B
IR AR AR S bRl A 2 e TR, B S AR IR, DRI A DX 3T BB [l AR o o ot 4
HEENE T RSN T 8 A R O AR Y AR XA — 2L AR X S R A A X LA R
MRBR EUH AL A E AR, AT T BRI X E TR T8 2 BRMOK SCHESE , 10 3L A il i) 2%
HIREZK ™ BRI ER 2 MK SC AR ) A5 AT T AR DL TR AN [RDMRHR I 1) - M B i it 3 25708
FIE T ) 0 — ER AR T U AR S RGO B SRR AE A2 A 9T

R AR SCHESR T 4 FRULRUZRARAE S RGE, A 1 LR S0 AN B R AR S 0 BE A S5, S R 8 TR A
figp AR F DAY 25 M S 2D M X ) R AR T 5% BE 77 A1 SR 231 P (I RL S A, I Shy X It ) 5308 B 8 R i . R
il B RS T il 5 SRR RO 355 P A ) TR AT S 4 B RE R i

1 HARREBEFHE

1.1 WS XSRS A0

TR M A AE 7S A L ARARAPT X B K] /N AR (AR 28 109°9'—109°307, Jb 45 35°15'—35°41") , 754kl
AN v P P A S R Y DX R i, S R R S A T R Sk L DX VR TS Rl 2060—2931 m, &
I Tl Bt e 2 XU e, AR 3R 5.8 °C AR BE K A 771 mm, 245 T 6—9 H o /NN AEBE R 47, FRAK
PRI 72.9% , EE N RIRRAM, EERFEIEE LS ( Pinus armandii) | FARE( Betula platyphlla) £1HE
( Betula albosinensis) 1147 ( Populus davidiana ) 55 ; o i N TR 35K N 23.6% , £ 2 KA IL 75 M A (Larix
principis-rupprechtii) FMAL (Pinus tabulaeformis ) bR, LA BRI o345 3 8 Z2HE N 5 HE4K 2700 m DL B34 46 0. 5
W), XN A 6 Fh RIS ks + 20+ IR ) - BT 8 R 1 e DU TR R
K, B 90% VL b, FIERERAKZ MO Be A  TUA K KA ER R R R

ERA AL A M A 2009 AF AN 2011 AR EARSR ML AY AR AL I A TR A8 LIRS IR AR MR HEAC IR 2
MBS T 3—4 30 m x 30 m AYREHL, FFEES. T 3 4~ 20 m x 20 m (EFZEF ( Prunus salicina ) VENFEHD
FRAMREE 1 53 A7 T8 U, B 2% - ARE L O3 A T 00 e, FEAR AL I RAMRARE M AR HE R AT
AHRE D HER F B R VGETAT ( Fargesia nitida) ¥ J B ( Rosa hugonis) %, HLAR EEAG L0 E 5 ( Carex
hancokiana) Bk ( Pteridium aquilum) 55, FEAEINFAR A M IRAEA D8 09 FIHERIZDHE T FE AR AN AR &
B, FEJEZ A (Lonicera japonica Thunb) 1% ¥ ( Corylus heterophylla) W WH 3% 7% ( Rosa omeiensis ) | VK
(Agropyron cristatum) \F5 % ( Carex ) 55 . FEAMRFEH oy AMER D B LTHELH )0, RN HEAR TN 2, 80 =
45528 5 ( Spiraea trilobata) FiTT ( Fargesia spathacea Franch) JET VINET R (Sytinga microphylla) \254& BR |
3 (Smilax china 1.) 535, WA FHEMNFERL AU T AR E AL T E R KA AL, 28 i) AR E 1L
%1,
1.2 W55
1.2.1 FEF A A A 4y e I 5

R RBMAES R W AR)Z FEAR)Z FARZ Kk (JE5) J2 132 (0—100 em) A8 [F] 5
BRI, 53 )2 B (BORE T ) I A DG AERAE B A S B 55 b e K2 AR JZ R A 2 A 46 o, B AN
AT

X BRMAEHL AT AR (A6 B 25 THE R B 25 1) BEAT R AR IR A S OF e semh 4 e B BCR
i MR, TP g Ak P AR RSB ES A AR . TEREAKETT N TR AR A RN S B e A
i W RS TERASAE DT N A AR RS B PR BN TEMTTE IR TN SRR R Ry
fiftJ2 E ORI A R R AT, b RO 2 4R R I AL A DR R IR TR 2 | IR AN S 40 i 308
BB R e TE T AV R R B A, ERE T A RS S (B T BRI LR A e B R BOE A
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B EEAE MR Y C 58 20l AN REFEA L IR IR 25 R AR IR

R 1 BRERAEME LA B A AE

Table 1 The site condition and vegetation characters in sample plots

e 533 . A E MEE RARE RAFE ZN AR

BEHLATE AR R ;ﬁ[j Slope ;m: W e sl mwe mem REE ww

Plot No.  Forest type gradient/ . Canopy  density/  Mean tree Mean tree  Shrub Herb
" aspect 7oy position - age/a Gy (Be/hm?) DBH/em  height/m  coverage/% coverage/%

1 AL RS A TR 2320 R 30 WE 23 0.8 1125 15.60 13.90 5 40

2 Larix principis- 2320 ) 30 BT 23 0.8 825 15.77 13.35 5 40

3 rupprechtii plantation 2510 Fird 35 ¥ I 20 0.6 825 12.71 11.43 40 15

4 2240 EA) 0 K 22 0.8 1300 12.52 14.22 10 70

5 A LMK AR 2280 It 35 W 43 0.6 675 12.14 6.81 60 15

6 Pinus armandii 2241 K 45 Yerf 42 0.6 800 14.54 10.54 20 10

7 secondary forest 2252 It 34 e 48 0.6 900 12.53 10.13 50 15

8 HERY AR 2380 B[4 30 Pirp 45 0.6 725 18.30 9.34 65 10

9 Bewla playphylla 2320 It 4 A 53 0.4 675 11.24 6.41 80 15

10 secondary forest 2436 (i 40 Yirp 56 0.6 725 16.62 11.34 50 10

11 LIRS RN 2230 i) 39 Y 20 — — 2.57 1.96 50 70

12 Prunus salicina 2427 Y] 40 e 25 - - 2.93 3.27 55 70

13 shmb 2379 [l 30 W 25 — — 2.81 3.27 60 75

TR MGEIMIAES 5 om ; BFZET-HEEEHLR “ TR AP SN AE " 1 Fe AR 12 H SO0 B2 A e i g

PIBIFSE b s A F AR AR AP X, BR AR AT AR A2 BR AR BIF T SR T 22 A AR B 57 7 A ] s 5 I AR Y 45
PR AR 2 A W i TR AR W T B R

NITRTIAZE FHEAR FARR Mg YR 2011 45 8—9 A 7E S HM N AR R SR E AR E
TEAR BCAR BT A JZAE 7 (2 mx2 m) FIREAZEFET (1 mx 1 m) 45 3 B, DLRARE ) /Z/MEDT (1 mx1 m) 3 Bk,
PSR BT ORI A et EAR)Z R A A 4 1 B8 AN R AR 2R A R R B B T A
WIIZIr ARSI SO ORI 0 0 PR FE O FHORE A (] S8 % AR 80°C LA ME T R AEE MR S OKE 1T
it

FAEHARE T AR (vhm® A KR S ) THRR TR K

TARZHYIE = ( Z Z W)/ (1000 x S) (1)
HERZEYE = Z i Wy /(1000 X Sy ) X Cy (2)
PR = Wy /(1000 X Sy) X Cy (3)
R = Wy, /1000 x Sy, (4)

I, W Wy 73 B R TR A2 FMIEARE D755 ¢ BREFS j b B A0 (kg) 3 Wy WA AR i (45
Ho bR AR L) (ke) s Wiy ARSI MIRE T BRI (Kg) 38 Sy S Sy 20 MR IT R M TEARRE 7 REARKE
D FARSTEIRE DT B TR (hm? ) 5 C o R C o 5350 R 3 N TE AR B AR B 5218 (%0 ) 51000 Ay A= 49y s 46 R 40
555 il A AN R AL S ) BT R D7 A AR W R D (-2 AR B M ) 25 )2 A e, B MR MR A2 )
A Z A i 2 R B
FEHUEYI R = (FoRJZ + HER)Z + B + fikW)2) i (5)
122 BREET R REE
2011 4F 8—9 A FEAEILvE AN N TR A2 LIAR A AR AU LEARAS A HURRT AT, 7051 R SR T A2 AN [l
B B BRI BIRERD  IFAEINE REARZ (AR JZ IR YR (R R Z R RIE (B R)Z) 429
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I R AL ERE A AR 25 T AR HL BT, RAEFEAR M T BT (REEARTS T B8 T A IF) .
RAGRES, . FTA RIPRE S 1E 80 °C FHET Wb i 2 mm 7, LS E R A &, ASCh 4 k59 2
HIBRE B i AR RZ B R)Z  C R E W E R IO A

FEASFEHL Y SRR AT B 5 A - HERAE S 32 R 18R , #% 0—10,10—20 ,20—40 ,40—60 ,60—80 80—
100 cm 432, SRAE - HERE i R — A M A AR 1R 2 Uk - BERE SR AT A5 BNTR AR 5, 7 I S0 56 %= [ 2RI 5 #
e,k 2 mm G, DAASINE A LI A & i, AR R AL A T, H 100 em?® SR JTHURE 72 105 C T HER
{ER QR e ot E o= E
1.2.3  BRA G aillE

JIT A A R R S A MR RS i, B BIR FH E AR R —K A Ik BRI e e
1.2.4  FZMA ST Mg

FEFRARJE JEAR)ZE FARZE  HOP P85 & e A AR i 41 43 (0 IO Y48 o 1 502 DR A8 2
) R R IACEME , HHREA R

C:ici'wi/iwi (6)
K, C HIEARIZ ERZ BEARZE BIEE PR A S E; CHTEARZS A E JFEARZH AT 3R FAR
M LA TR A R AR A B WO I Y A Rl A e e A R R U 0 N R
ARIFEREZ (BFETAR)Z FEAR)Z AR ZFAED)Z) Bk A E S EEZAEYES ik A& &
FYFRT
+IEJZ (0—100 cm) FIBK  E b TTE AR .

n

S=3(C x0,xD) (7)

o, S AR 42 0 IR A B (vhm?) o0 2, C, 0,0, 3500 R IR BR A S R (%) |
TR (g/em®) LSRR (m)

BT A BRGNS R WET AR EARR (AR RS Y)Z MR B R R R

1 Excel & SPSS X SL i B da A 7 B H

2 HRE5S

2.1 FMAEEHL) )2 A Y AL

2% 2 W AR I AR LA MORE b 9 25 B A i HE T AR SRS AR S 36 Bz S AR I HEA R
B> B AR S AL S0 Bz S I 3P 22 - A T S AR S B, TR AR)Z AR, DO BT 7 Ee B R R 3R
49.029% L4 b s B EFT 5 iR/ ZEARTE 1.98%—5.92% , HEALVEITRARR B L FAARFIAE AR 1 T3 A 2 A 1
H BB 21 64.19% . 75.86% Fl1 60.38% , MR 16 A 8 )2 (LG HE AR 2 R FEAZ ) 094 W & 5 S B 2 1
8.68% .5.62% 1 18.86% , A& W) )2 A= Wi b7 BAHBE)Z 10 27.13% 18.52% 1 20.77% . XTHFZEFHEM , HEAR)Z
AR 2 A2 09 A W43 ) AR 2 B 72.75% 4.94% 11 22.31% , MEARM FHERERZ , BT di AR Wi L
il HRAUTR AR AR LA AR MEACRR B 2% 11 DAY S AR B )2 AR W i 43 il R 84.14133.50,124.57
26.72 t/hm’,
2.2 FMAREHLN SRR R
221 AAHPEZEA A

W 3 Jin, LALTE AN T A 4 B ik R & =8 54.42% (51.32%—55.12%) F1 0.28% (0.06%—
2.39%) , FEILFAFITA 2 B BORR A& 1N 55.93% (52.86%—57.02% ) F10.32% (0.05%—2.43%) , FEA
Bk A &N 55.59% (53.319%—56.52% ) A1 0.27% (0.07%—2.68%) ., B2 1 A o8 B AUk .
RN 48.93% (46.45%—49.30%) F 0.54% (0.39%—2.37%) . LiEKE S A0S [RIR b Ko 454
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F2 RS HEHEYE(Vhm?)
Table 2 The biomass in different vegetation layers of stands studied ( mean+SE)
Hhr AeJLTE IS N bR BRI HEAR YA P2 FHEM
Components Larix Iirincipis—- Pinus armandii Betula platyphylla Prunus salicina
rupprechtii plantation secondary forest secondary forest shrub

T AKJZ Tree layer
W Leaf 1.07+0.06a 4.36+0.53b 1.41£0.42¢ 1.15+0.40a
WAL Branch 13.40+1.31ab 26.37+3.49h 11.48+3.18a 13.61+5.99d
WF Trunk 27.03+2.66a 49.64+6.92b 45.42+14.2ab
W Bark 5.22+0.49h 6.01+0.72¢ 2.25+0.61a
BRI Root 7.29+0.54a 14.89+2.67h 14.65+4.55h 4.68+1.40¢
TeARJZE 1T Total 54.01+5.06a 101.27+14.33b 75.21+£22.96ab 19.44+7.79¢
M HEARIZ Shrub layer
Hu_E B3 Aboveground 1.90+0.82a 3.14+0.28b 10.35+2.52¢
Hi 543 Underground 0.89+0.26a 1.97+0.08b 6.91+1.15¢
HEARZ AT Total 2.79+1.08a 5.11+0.36b 17.26+3.67¢
M AR Herb layer
Hb_[-#B43 Aboveground 2.50+0.10a 0.85+0.06b 2.56+0.01a 0.83+0.09b
T #43 Underground 2.01+0.06a 1.54+0.06b 3.67+0.02¢ 0.49+0.03d
BAZ AT Total 4.51+0.16ab 2.39+0.12a 6.23+0.03b 1.32+0.12¢
M HEBE A3 Understory vegetation 7.30+1.24a 7.50+0.48a 23.4923.7b 1.32+0.26¢
TG HIBEZ AT Living vegetation 61.31+6.30a 108.77+14.81b 98.70+26.66¢ 20.76+8.05d
7542 Humuls layer 22.83+0.72a 24.73+0.68ab 25.87+0.41b 5.96+0.26¢
JHBEE Total vegetation layer 84.14+7.02a 133.50+15.49h 124.57+27.07¢ 26.72+8.31d

HPZEFE T A Z R H B S A s ANR/ING T8RRI — 4L AR bR A3 0] 25 57 3 (P<0.05)

£3 TEAWMMHKIEHESRENR . A= (/hn?)
Table 3 The content of C and N in organs of vegetation layers under different stands ( mean+SE)
AL R TR NN G HEARDAE WP TR
4 Larix principis- Pinus armandii Betula platyphylla Prunus salicina
Components rupprechtii plantation secondary forest secondary forest shrub
C/% N/% C/% N/% C/% N/% C/% N/%

FeARJZE tree layer
P Leaf 51.32+0.89Aa  2.39£0.32Aa  52.86x1.42Aa  2.43:0.03Aa  54.12+1.32Aa  2.68+0.34Ba  46.45:2.35Ca  2.3720.21Aa
WAL Branch 54.35£0.15Ab  0.42£0.07Ab  55.47¢1.55Ab  0.37:0.09Bb  55.24+0.50Ab  0.4120.14Ab  49.30£3.21Cb  0.4420.06Ch
F Trunk 55.03£1.16Ab  0.06£0.01Ac  57.02¢2.12Ab  0.05:0.01Ac ~ 56.52+1.12Ab  0.0720.01Ac
2 Bark 55.12£1.02Ab  0.36£0.06Ad  55.19¢1.45Ab  0.38+0.03Ab  54.46+0.98Aa  0.4120.07Bb
P Root 52.21+1.51Aa  0.49£0.02Ae  54.32+2.50Ab  0.46+0.12Ac ~ 53.31%2.58Aa  0.540.10Ac  48.47+2.13Bb  0.39x0.08Ch
e AR Mean 54.42A 0.28A 55.93A 0.32B 55.59A 0.27A 48.93B 0.54C
TEAJZ Shrub layer
1 134> Aboveground 50.93+0.38Aa  1.07£0.07Af  49.45+4.36Ac  0.91x0.17Bd  51.36+0.16Ac  0.93+0.15Bd
1 F3#43 Underground 47.59:1.23A¢  0.58+0.05Ae  48.19:2.32Ac  0.56£0.01Ae  50.42+1.98Ac  0.55£0.06Ac
TEARZET) Mean 49.86A 0.91A 48.96A 0.78B 50.98A 0.78B
HAJZ Herb layer
343 Aboveground 45.2242.36Ad  1.53:0.04Ag  45.25+1.78Ad  1.60£0.16Af  45.44x2.13Ad  1.56£0.23Af  45.12£0.67Aa  1.95:0.16Cc
1 F3#43 Underground 33.32#3.12Ae  1.2420.06Afg 36.33:2.25Ac  1.14:0.09Bg  36.18+3.21Ae  1.2320.14Ag  35.32x1.36Ac  1.1620.04Bd
FRJET4Y Mean 39.92A 1.40A 39.50A 1.30A 39.99A 1.37A 41.48A 1.66B
HivE4) 2 Humus layer 35.50£3.22Af  1.17£0.12Ah  36.17+4.13A¢  1.2120.14Ag  36.73+2.23Ae  1.3320.18Ag  31.78+1.09Bd  1.52:0.08Be

ARG FHIRF— U AR 25 B2 AR/ NG FRFR R — ke AR 25 8.3 (P<0.05)
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FIOARF S B 25 5N K AR W A S AR a8 B 22 S AR 2200, RS BES S E ZH
S d i BT ARG AN R AR B R R I B 2 > AR LIRS AR AL TS AR SHEAR s UL RS B 548 B S
Fft i) A PR G R AR Y L 2R B PR T R W, R R TR AR B il ( BRETZET-40 ) BOAH TR 2% 1 A BR &
2 AR ZHRIA WE K (P>0.05)

TEAR (BT HEARZ S B 22FVE N ) e 2T iR AE 48.93%—50.98% ,0.54%—0.91% ; HAJZ 11
B RF-2 5 AR AR 39.509%—39.99% | 1.30%—1.66% ; I AF i 7% W) 2 # Bk R & B AR AL TE 31.78%—
36.73% \1.17%—1.52% , W TIPS ASFIRE 15 2 BB & F R I . TR RJZSTHEAR B> HARZ S A&
HRIWNEARZSHIEYZSTEARZSTIAZ . HEARZFEAZ iR S BRI 35> 1 N5

FEANTRIAR 53 2Z 8], i 75 00 )2 B Bk 5 1 (% ) 3R - HEAR AR (36.73) >HR ILFARK (36.17) >HEAL T4 i FA BK
(35.50) >EFZAEFHEMN(31.78) ; A & it (%) FRIN  BF 2= FHEN(1.52) SHEARMR (1.33) >AILIFAMR (1.21) >A2dE
TEIAAAR(1.17)

225 WM R R RITR ARG (R LFERF 2 FHEN ) TEAR R AR R &2k A &2 5
Y KRR IR W E7KF-(P>0.05) .
222 TR RS R

MK 4 ATF S [l ARH 49522 (0—100 em) Bk APt 1 52 i 23 30 R T 388 D P e 34, AN [ A Ao b
43 0—100 em 1 JZ A3+ 5805 % 1 (% ) HEFF R MEARMR(5.35) SERILIAAK (4.48) SAEAL T I FA MR (2.78 ) >HF
ZEFHENC1.84) s RSB HEFAE, A HEARBR(0.43) AR INAR AR (0.42) >AALTE HFARK (0.23) >BF 2= 7T
(0.16) . JLFFTA )2 (Br 20—40 em +)251) WA HLER & MR S B RIN 4 Fiobk o 1A B #2257 (P<
0.05) . ZrHTEIH 4 Flbk 1) 38 4 0B B AT ALK 7 B 2 (B AA A B TR E IEAH OGO R (R =0.97)

x4 TETEENHR.ASE
Table 4 The content of C and N in different soil layers ( mean+SE)

AL AT ENIENGRI HEARUA: M B2
+3#)Z/em Larix principis- Pinus armandii Betula platyphylla Prunus salicina
Soil layer rupprechtii plantation secondary forest secondary forest shrub

C/% N/% C/% N/% C/% N/% C/% N/%
0—10 3.88+£0.35Aa  0.29+0.03 Aa  7.92+0.38Ba  0.68+0.08Ba  8.54+0.55Ca  0.64+0.01Ba  2.62+0.10Da 0.22+0.01Aa
10—20 3.45:£0.23Aa  0.26+0.04Ab  6.78+0.34Bb  0.61£0.03Bb ~ 7.97+0.12Cb  0.62+0.02Bb  2.20+0.23Db 0.20+0.01Db
20—40 2.97+0.17Ab  0.25+0.02Ab  6.67+0.25Bb  0.61£0.03Bb ~ 6.92+0.24Bc ~ 0.55+0.07Cc  2.02+0.13Db 0.18+0.01Dh
40—60 2.83£0.37Ab  0.25+0.02Ab  3.76+0.05B¢  0.36:0.01Bc  5.28+0.26Cd  0.44+0.04Cc  1.95+0.26Db 0.15£0.01Dc
60—80 2.79+£0.09Ab  0.24+0.01Ab  3.18+0.19Bc  0.33£0.04Bc ~ 4.85+0.18Ce  0.39+0.05B¢  1.80+0.09Db 0.11£0.01Dd
80—100 2.02+0.18Ac  0.18+0.01Ac ~ 2.79+0.27Bd  0.26£0.01Bd  3.40+0.32Cf  0.27+0.01Bd  1.11£0.11Dfe 0.10+0.01Dd
-1 Mean 2.78A 0.23A 4.48B 0.42B 5.35C 0.43C 1.84D 0.16D

ARG FHIRF— LR ARMD B ER B AR NG PR R -k AR L2 6 25 8.3 (P<0.05)

2.3 SO EEHL AR AU A ZE IR
231 SMOTFEHLI IR A A
T 5 AT F AR TR TR AR ILAR R AR MEAR R A R BT 2=V A 4 BobRor AR 8 R G A B2
fcfit 14301 A 40.68 169.03 .62.60 ,11.95 t/hm? ; & fifi & 43712 0.51 ,0.69.,0.77 ,0.22 t/hm*,
AT I RE AR | U A2 AT AR R TR 7E 4 FibRar v VB T AR 2 7 19 T
ARJZ (B2 NRRCT ) e fifs 1t o SR )23 A DV it 1) 66.79%—82.05% 5 JL i e ARBRM T 15 TR AR 2 bk
fitt B 1Y 49.97%—61.40% , B 2= HE BT 1B fith 2 o SO R 2 WA B 11 70.56% . % T AUt i, 4 FhobR 531
TeARJZE (22T RE R T) B 2 7 AL BE 248 5114 25.97%—46.38% , iR K, HAE A #8 B H Y 4 i
MG A A S TR Fe A 31, SRR Tk (R +A I ) R o o 7R R )2 U o L K, A db g
FABK A 60.00% AEINFARK A 65.63% MEARM A 45.00% , HF 2= F-HE T JE: &7 5] T 90.00% 5 WHAR A9 &Lt 5 TR K
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JZ 4 FE B A (20.009%0—40.00% ) o HEARMRIIAR 2R U B 5 7T A2 S A LU 1) 353 (40.00% ) , = AR 2
AELFRIRIEERES . R AERUZ AR UK R AE 4 R [RIA 25 53 3% (P<0. 05)

£5 ARMFKSHEHIEEYERAERE(Vhn®)

Table 5 The storage of C and N in different vegetation layers ( mean+SE)

Rt F AR AT AR K FERYAEM BTN

- Larix principis- Pinus armandii Betula platyphylla Prunus salicina
o rupprechtii plantation secondary forest secondary forest shrub
Component

Bkt Rk Tefif Ak Bkt R B Ak

C storage N storage C storage N storage C storage N storage C storage N storage
e AR Tree layer
W Leaf 0.55+0.03 0.03+0.001 2.30+0.30 0.11+0.01 0.76+0.23 0.04+0.01 0.53+0.19 0.03+0.01
A Branch 7.28+0.71 0.06+0.01 14.63+£1.94 0.10+0.01 6.34+1.66 0.05+0.01 6.71+2.95 0.06+0.03
BT Trunk 14.87+1.46 0.02+0.002 28.30+3.95 0.03+0.004  25.67+7.03 0.03+0.01
R Bark 2.88+0.27 0.02+0.001 3.32+0.40 0.02+0.003 1.23+0.32 0.01+0.003
AR Root 3.81+0.28 0.04+0.003 8.09+1.45 0.07+0.01 7.81+2.29 0.08+0.02 2.27+0.68 0.02+0.01
FeARZG T Total 29.39+2.76 0.15+0.01 56.64+8.03 0.32+0.04 41.80+11.53 0.20+0.06 9.51£3.82 0.10£0.04
A2 Shrub layer
Hb -4 Aboveground 0.97£0.42 0.02+0.01 1.55+0.14 0.03+0.002 5.32+1.29 0.10+0.02
i #53 Underground 0.42+0.12 0.01+0.0004  0.95+0.04 0.01+0.0004  3.48+0.58 0.04+0.01
HEARZATT Total 1.39+0.54 0.025+0.01 2.50+0.18 0.03+0.002 8.80+1.87 0.13+0.03
FARJZ Herb layer
Hb 1343 Aboveground 1.13+0.05 0.04+0.003 0.38+0.03 0.01+0.001 1.16+0.001 0.04+0.0002  0.37£0.04 0.02+0.002
i #43 Underground 0.67+0.02 0.02+0.001 0.56+0.02 0.02+0.001 1.33+0.01 0.05+0.0002  0.17+0.01 0.01+0.0003
AR Total 1.80+0.07 0.06+0.003 0.94+0.05 0.03+0.001 2.49+0.01 0.09+0.0004  0.55+0.05 0.02+0.002

Ve A

BRI . 3.19+0.61 0.09+0.01 3.45+0.23 0.07£0.004  11.29+1.89 0.22+0.03 0.55+0.08 0.02+0.004
Understory vegetation
ST il e 2L A
{E, EWE " H_‘ 32.58+3.37 0.24+0.03 60.09+8.26 0.39+0.04 53.10+13.42 0.42+0.09 10.06+3.9 0.13+0.04
Living vegetation
Hi#% Y12 Humus layer 8.10+0.28 0.27+0.01 8.94+0.30 0.30+0.01 9.50+0.15 0.34+0.01 1.89+0.08 0.09+0.004
JMVEBEE Total vegetation 40.68+3.65 0.51+0.04 69.03+8.56 0.69+0.05 62.60+13.57 0.77+0.10 11.95+3.98 0.22+0.04

M 5 B ATE Y ARILTE R AR AR LA AR HE AR 2= 1T DA AR R )2 (B 25 P 0 AAS B 5 T K
J2) B i 0k 3.19.3.45 ,11.29 ,0.55 vhm? , 45 75 402 0 ik fif 1253 514 8.10.8.94 .9.50.,1.89 t/hm®, K
8% 2% (1 U 43704 0.09,0.07 ,0.22,0.02 tv/hm® , K W12 19 AUt 43104 0.27 ,0.30 ,0.34,0.09 t/hm*, 5
GoKE 4 PR O BE R AG fk  EURG I o R B 2 5 1R 0 L A5 43 i AR AL AE 4.60%—18.04% Fl1 9.09%—
28.57% o XA LU/ INRI 5 454 B A A et R R0 2% et LU A G
2.3.2  FHMOFEHLE TR R AR

% 6 O 4 FbRsr H )2 (0—100 em) BB AUGE I, FAFAEAR 3 ) 25 25 5 (P<0. 05) MR 3 518 - HEARHR
(577.42,46.26 t/hm”) >TE 1A PR (381.95,35.50 t/hm’® ) >TEALIE TP bR (323.88,27.35 t/hm*) >EFZ=FHEM
(184.60,15.78 t/hm?) .

X ] —Hhay, BSRAEAE A 200 RNt B 2 TR B B i A ) S A R 3 (EAN [] )22 (R 9 25 55 91
F R R G M AR AR AL FEIE AR, R A E M Z IR R ERIE T o R S
Bt A J2 IR I AR A 5
2.4 BRRMAD RG AR AN 2 B BUAS R

AR TR S5 | 73 U o /A /NN SR TR /7 N 7 N7 NS S v N L 7N R NS W 1 = L] o
364.56.450.98 ,640.02,196.55 v/hm” ; S A& i 5371174 :27.86 ,36.19 47.02 ,.15.99 t/hm”
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®6 TRETEEMNBAME(vhn®)
Table 6 The storage of C and N in different soil layers ( mean=SE)

L4120y NI AEINFACE R HEARUC A BT
_ Larix principis- Pinus armandii Betula platyphylla Prunus salicina
;tﬁ/cm rupprechtii plantation secondary forest secondary forest shrub
oil layers —
Bkt I At BBkt ik Abi i Bkt f Attt Bkfit it At
C storage N storage C storage N storage C storage N storage C storage N storage
0—10 34.17+3.08a 2.59+0.26a  55.05£2.64b  4.75+0.56b 58.93+3.8b 4.43+0.07b  25.65+0.98d 2.13+0.10¢
10—20 34.53+2.30a 2.63+0.40a  50.20£2.52b  4.55+0.22b 59.80+0.90c  4.66+0.15b  23.51+2.46d 2.09+0.11d
20—40 60.68+3.47a 5.13£0.41a  96.77£3.63b  8.82:0.44b  119.00+4.13¢  9.49+1.20b  41.25+2.65d 3.6120.14¢
40—60 62.73+8.21a 5.53+0.44a  58.67+0.78b  5.58+0.12a  123.54+6.08¢c  10.29:0.94b  46.13+6.14d 3.50+0.21¢
60—80 73.22+2.36a 6.32£0.24a  59.55£3.56b  6.13£0.75a  120.26+4.46c  9.72+1.24b  21.36+1.73d 2.03£0.19¢
80—100 58.55+5.22a 5.16+0.29a  61.72£5.97b  5.67+0.22a 95.89£9.02¢  7.68+0.17b  26.70+2.64d 2.41+0.14¢
AT Total 323.88+26.82a 27.35+2.33a  381.95+21.33b 35.50£2.56b  577.42£30.24c 46.26+3.24c  184.60+16.16d 15.78+1.08d

AN FREFIR I — 1 JZ AR AR 22 57 1825 ( P<0. 05)

R7T FEWMHRSINESREBEMERSBIER

Table 7 The C and N storage and distribution pattern in different forest ecosystems

LR T A AR HEARW A BTN
Larix principis- Pinus armandii Betula platyphylla Prunus salicina

204y rupprechtii plantation secondary forest secondary forest Shrub
Components Bkt f At Bkt ik At Bk i Abt Bkt ik Abt i

C storage N storage C storage N storage C storage N storage C storage N storage

/(Whn?) /% /(WVhm?) /% /(Vh?) /% /(W) /% /W) /% /(W hd) /% /(Vhd) /% /(Vind) /%

Te K2 Tree layer 2939 806 0I5 052 56.64 1256 032 0.88 41.81 653 020 042 951 484 0.10 0.66
TSR . 319 0.8 009 032 345 076 0.07 019 1129 176 022 047 055 028 0.02 0.14
Understory vegetation
42 Humus layer 8.10 222 027 097 89 198 030 08 950 148 034 072 1.8 09 0.09 0.57
T2 Soil layer 323.88 88.64 27.35 98.18 381.95 84.69 3550 98.09 577.42 90.22 46.26 98.39 184.60 93.92 1578  98.64
KT Total 364.56 100 27.86 100 450.98 100 36.19 100 640.02 100 47.02 100 196.55 100  15.99 100

TE 4 FRBRMA S RGuRRAE I L, BREEAR R A MR I £ 32 > T R JZ >N B2 SHiE 240, Hiar 3
FhIRI R IR ZESTRARZSHTEYZE >R T HIBZE . 38R A o5 AR AR 25 2R 50 B P22 1 EL AR vk Ay B 2= 7
HEIN(93.92%) HEARMK(90.22%) AEALTEHHARK(88.64% ) ALILIFAHK(84.69%) . TEAME T Iy T, & M4 )2
RN I3, RBNAEIETE AR T2 S M5 W2 ST ARIZ SR N ARBLZE  HEAMR Y 382 >G4
ESHFHEEZS>TRARZE R IAAMAEF 2= TN R+ IR 2 S TIARZ > VG W2 > K FAEBEZ ; HIREUE & 7%
MRAZS ZR G R I FE IR R B 251 HE DA (98.64% ) MEARIR(98.39% ) (AEILTEHHAMR(98.18% ) AR LLIAAHK
(98.09% ) . FHULTT UL, FRARAR 2 2R G0 0 U 2 26 R A S v 7 48 2%

2.5 ANEHEMEETRSER C/N L

M 3 4 PRy AR Z IR XA B oG E & IR AR C/N HULEE 8, F C/N H Ry B 2= 1
A (19.64) <HEARIR(20.19) <HEICIEHTFAMR(21.74) <HRILFAMK(21.75) A ILELEZIR ; T ARJZ I C/N HUIF .
HY 2= HE N (90.61) <FEILAAAR(174.78) <AL TE AR (194.76) <HEARIR(205.89) , e AR FL4L I, (H /D
F NI B AR,

TEILR AR > TR AR T HEARJZ A C/N LB AE 54.79—65.36 Z [A] , K T BF 25 T3 Y 90.61 , 3% 1] fig
SR VEAZ 43 b FHL R B 53 R AE S IR G BT A BE G R (E T AT B 550K T T R 2 32 JHE i 52 i) R 5 8 2 7
NGE L2 BRI AN A %, TRIAM T EAZE) C/N FAsLTE 28.51—30.38 Z [A], 5 B AR %30T ; 7 2=
FHENFEAN C/N LLRSAK, y 24.99 33X A g5 B AR BOGIAE 22045 5, Bl 45 A 3 A= 0 1t LE 461 14
FEARAN I I A P LB e R)2 R Z (AR C/N HUHRIR IR
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xRS 4MMKSETREN C/NL
Table 8 The C/N ratio in 4 different forest ecosystems

AeJLTE RS N bR AR A bR HEAR IR AR B 2R A
#H4} Components Larix principis- Pinus armandii Betula platyphylla Prunus salicina
rupprechtii plantation secondary forest secondary forest shrub
T*AJZ Tree layer 194.36 174.78 205.89 90.61
Wit Leaf 21.47 21.75 20.19 19.64
WAL Branch 129.40 149.92 134.73 112.29
W+ Trunk 917.17 1140.40 807.43
W Bark 153.11 145.24 132.83
B Root 106.55 118.09 98.72 125.78
JEAKJZ Shrub layer 54.79 63.17 65.36
HAZE Herb layer 28.51 30.38 29.19 24.99
TEAH P2 Living-vegetation 135.54 153.40 125.30 79.30
Mi#%#) Humus layer 30.34 29.89 27.62 21.00
JEBZ Total vegetation 85.26 105.20 81.38 54.32
32 Soil layer 11.84 10.76 12.48 11.70
FRMRA S RS Forest ecosystem 13.12 12.56 13.52 12.29

4 PRI TR REBZ 19 C/N HEIR IR B 25 T HE A (79.30) <HEARR (125.30) <HRJL & I AAMK (135.54) <4
LLAAPR(153.40) s HERAGTEW))Z I C/N LN EFAEFHEMN (21.00) <HEARPR (27.62) <HE LMK (29.89) <ALk
HAAR(30.34) . BAEHZERY C/N HONEFZS TN (54.32) <HEAR MK (81.38) <HEALTEHFAMK (85.26) <FE1LIFA
M(105.20) , F1F I A7 AR SAK T T AR s BR TR ABRIAIs A B 19 22 531

HHEZA0 C/N HAEINFARK(10.76) <BFZEFHEM (11.70) <TEIL IS HAAMR (11.84) <HEARMK (12.48) , 1% 1
22 AN H 3 R TR ABRAY /IR 1E -5 16 M 1 2 R AR B 2 (0 R/ INIURE AR B, 156 B 398 )2 A R0 e mT g
2 B R 1 R SOR) S

4 FIARIP BN RS RGN C/N HOBFZEFHE A (12.29) <SR ILAAMK (12.56) <RV i FARR (13.12) <
HEAM (13.52) , GAAEHZ FLEFEHZ A L, B LS AR T

3 iRE%®

IR C/N R S WA KORS AR B IR R B AR AR 2 e TR ST HIX 4 Fh 3 2 B A 77
KIZBASE R WA /N Hel/N, AR, R AL 3 B B9 K T 2h RS B AY 13X -5 X0 48 S 4528 Fnami e ik
LDV A R IEAR —F, FIEY)Z C/N HAE— @ FERE b TR B AN i Hoop i, C/N LA AR o g s b
F TR TR S A 5 B2 2 W00 3 R T SRR AR 2 AR5 b 4 FhZR MRS TR P02 00 C/N L Ry B7 23
IA<HERR<HE LA IR <HEITE AR , A5 B A V5 40 0 8 8 36— S8 R TE AR T T ACBR | I I b e A 1
A

T HEZH C/N Lh[Rli 52 Z2 80 R 2R 52, A48 v 40 0 e A ALY C/N B AR B e B P W S R RS
T ST PREE A SRR AT A S FR ENR I A O/N R EAE 10—12 ZJA]P Rk
ek 135 AR R R A S R, AR 1 O/N R 13330 h E 3 C/N AR 10—
12030 RGBS B L X LR ZRAR 0 28 C/N LB AL AE 10.76—12.48 , 51T AWFFE 45 134,

WFFT 2, BRI C S ESEEN 46.40% ) AU 5T K J5 b XA B - S 28 45.10% 7 R %%
WA [FIR AL B BERRARRITE A I RSP 35 45.19% % | B3 BRSP4 08 ; AR 78 45 BRI I | ¢ S i3
T BRI, BREF 2SN HO RS Ah A 3 A TRA BT 4.98%—7.72% , AERAEHIM A Y
N S8 2.06% , H E RGP R N S8 FEN 2.02% " ARWF5E & R R B N & R AR TE
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2.37%—2.68% , e th R BIME . 7SI AR 1) C N S, T Re R AR 2 H il 775 £
INFRAR R HEE C/N H5 A BRAN 4 [ - 35908 HL 230, BT AT BE T 2 i 5 SR AL s R ) R 6  (HIR A 15
i — L TRAME

NIRRT A Z 0 A2 B ik 5 s AR AL A R B 3 (L 2 B e 2 R B i v de vy, W IR, 4 FbA
RO B AR 2 IR B B R I N TEARIZSHEARZSEARJZ S IEY)Z B R IR FA 2 > Ak 75 W) )2 > 1
KIZSTEARZ  HEA)ZFEA 20 A S IR 3R> Ty, MR )2 TR A& w38 R HEA >
HE I PARS AL T A AR S B 2= - DA T2 Bl 1 2 IR i B A1

ST DX A AtV R AR AR LA AR MEACHR B 2= 0 DAY T AR 2 i fifh £ 53931 A 29.39 .56.64 . 41.81
9.51 tv/hm*, 5 MRS R GGG 1Y 4.84%—12.56% ; T+ AR JZ AAEH 2054 0.15,0.32.,0.20 .0.10 /hm”, /5 7%
MRA S R G A B 0.42%—0.88% , AH LLAABIFFE I N TR, 75 85 1 AL 35 A N TR TR R 2 ik fils
FHE T/ L2208 1 15 42 K IS AR (36.051/hm?) 100 i1EG 23 [A] 69 10 4E2E 42 KR A Tk (30.381/hm?) 17
HIRAR R A AR T8 WG 19 T EAS A TAR(0.380/hm?) ) FEAR B FMIAZ A T4k (0.52—0.81t/hm?) "%
AL LS X ZRAMRT T A2 B R 2N R, X AT g R K A BRI T A AR A= 4

FNERILH X 4 Fo iR FRAR AR 2N R G R Bl | UG et 38 2R IR MR IR AE RS A L P TR AR AR > AR Y R T
MRSEFZEFHEMN , BREFZETFHEMAN, 3 TR AL S R GEAORRAH 35 7 T 3R R AR MO 2418 (258.82 t/hm?) 1
Ui B L[ B B8 AR m , 3X AT RE AN 7S #8510 DX I AR FIVE W o0 L R 2 a6 A T WL 5 Bl K 2
ARIZEFRMFF AW R K,

M E Baties! ¥ X} 43R 2 + HERRA# B AUAFST , 76 0—100 em )2 ,0—30 em F10—50 em +J2 (K5kAH
ST o5 F AR AR TE 37%—59% F1 62%—81% , 53 BISE-Y A 49% Fl 67% ; ARF 58 4 FpARAK £ 0—60 em +)2HY
Tt 1t T o5 LB R 59.32%—73.79% , N LIBE RG2S [ 50 A, AWESE h AR AR 1458 0—60 em )27 & L)
9 58.04%—73.97% ., ASWFFE R - 00 i U 1 19 VR B A0 AR 1 A ik, X T R R — 2 [ AR AE ST
TR (ALFERERT 0 0 B E A ) s m g 2R A Rpilt— 2005 s (A 2= /oSl B3 A Bk & i s 2
BRI ARSR A 1 05 B SRR D IR A S i SR IR 22 R

FEASEE 4 FPARMAES R ,0—100 em HIEZ 000K RSG5 A4S R G AR e plER R, Hih £
Hetmehiti it B ATE 184.60—577.42 v/hm?®, 5 T FE AR AR+ 587 (8 (189.00 t/hm* ) FIFE [E AR Ak + HEF H{H
(193.55 t/hm?) 2!, +HEE B AR ALTE N 15.78—46.26 t/hm? | BRHEA FIAE LIS WA YA ARAL | AL & s
N T ARCRIES 25 - DA 4 - S5 S Bt 3 406 T P AR bk 1 P38 (34,64 v/hm®) | L3 R BRAURE B RS IR 5
MW KA o i 5 2R KRR, HH2 T T R RIAS B 2R A e M BB LS Z R E Y
M40 PSR LR R A ) SRR R A R, 3K MRS TR R IRR SR B SR OG5 AR AL VE IS L AR
I 2 1 NI 38 R IR, SRS /N i MO R R F 38 ML A A e R RTE /N ST
A 22 55 O, AN [A] R 28 19 s ik /N A i A R R T

FESERL 4 FRMAES RG D  EZ S IR A 2 AR O B 22 3 A 0.07 HEAR IR AE AR
0.11 AL A N TARRY 0.13 AR A RAEMG 0.19, MHLZ R, REEESMEERENHPZES H1E)Z
HIRSAE it LA AR (B ZE 0.19—0.95 , -3 0.3612 s 2 BRIEMOTER R 0.46147) 33— 5 TR UEBH 75 £ 1L ZRAR 1 AT B
Tt F Vs D1 AR T 5 R AR, Iy — 7 THIARL 8 A G - SRR A A7 B8 T AR A

AR SCHF 58 FRMAE L& T R IR UK AR AT AE A 8 R SRV AR R AR TR SR R A= PR A 1 N Tk, R ik G
- R R RN BE A3 A R 7 2 L AR AR R ST 45 SR 2 R 4 2 33 1 s DX A R b b ) ik A o A
OYARRHIE AN BE S Bl gl i e Sk i RS B UG i R A
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