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Effects of site condition on ecosystem carbon storage in a natural Betula

platyphylla forest in the Zhangguangcai Mountains, China

ZHENG Tong, MU Changcheng* , ZHANG Yi, LI Nana
Center for Ecological Research, Northeast Forestry University, Harbin 150040, China

Abstract; Ecosystem carbon storage ( vegetation and soil ) , net primary productivity ( NPP), and annual net carbon
sequestration ( ANCS) in a natural white birch ( Betula platyphylla) secondary forest in the Zhangguangcai Mountains of
China were measured using relative growth equations and the carbon/nitrogen analytical approach. Measurements were taken
at seven sites, including the top, middle, and lower regions of both the sunlit and shaded slope, and the valley floor. Our
goal was to determine the effect of site type on ecosystem carbon stock and carbon sequestration capacity of white birch
forests. Carbon storage in the vegetation of the forest ( (76.28 + 18.11) —(115.57 = 5.59) t C/hm’) was significantly
higher (35.1%—51.5%) in the upper and lower regions of the sunlit and shaded slope than in the valley (P < 0.05).
Vegetative carbon stores were also higher (32.5%—33.6%) in the mid region of the sunlit and shaded sloped than in the
valley, but the differences were not significant (P > 0.05), Soil organic carbon stores ( (81.53 + 6.15) - (181.90 =
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21.62) t C/hm*) were significantly higher (P < 0.05; 24.0%—123.1%) at the upper, mid and lower region of the sunlit
slope than at the mid and lower region of the shaded slope and in the valley. ( Soil organ carbon was also significantly higher
(36.0%—81.2% ) at the upper and mid region than at the lower region of the shaded slope and the valley (P < 0.05).
Ecosystem carbon storage ( (174.57 + 20.27)-(282.96 + 17.92) t C hm™) was significantly higher (P < 0.0514.1%—
62.1%) at the three sites on the sunlit slope than at the mid and lower region of the shaded slope and in the valley, and
significantly higher (19.5%—48.1%) at the upper and mid region than at the lower region of the shaded slope and in the
valley (P < 0.05). The NPP ((6.98+1.60)—(9.59+0.69) t hm™ a™') was the highest at the upper regions of the sunlit
and shaded slopes, which were significantly higher (P < 0.05; 34.2%—37.4% ) than that at the mid region of the shaded
slope. NPP was at a medium level at the other four sites, which were higher (8.5%—20.6% ) than at the mid region of the
shaded slope, where the value was the lowest. The ANCS ( (3.26+0.74)—(4.56+0.36) t C hm™ a™') was the highest at
the upper part of the sunlit slope, which was significantly higher (39.9% ) than at the mid region of the shaded slope (P <
0.05). ANCS was at a medium level at the five remaining sites, being higher (9.2%—30.4% ) than at the mid region of the
shaded slope, which had the lowest value. Therefore, the carbon storage, NPP, and ANCS in a temperate white birch forest
ecosystem exhibited variations among sites. The effects of site type should be considered in the evaluation and management

of carbon sinks in temperate white birch forests.

Key Words; Zhangguangcai Mountain ; birch forest; ecosystem carbon storage ; net primary productivity ; annual net carbon

sequestration ; site type effect
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Table 1 Basic forestry features of white birch secondary forest on seven kinds of site types in Zhangguancai Mountains of China

MXEEE KRR XU B FEMatE SRR Az

SEHEAY BFR

Site type Tree species Relative Rel'alive Relative Importance Mean Mean DBH

coverage/%  density/%  frequentness/ % value DBH/cm age/a range/cm

BT FIKE Betula platyphylla 68.92 41.23 30.60 46.92 15.4 40 5.6—30
JKIMI Fraxinus mandschurica 21.78 11.36 14.21 15.78 14.2 3.9—39.2

HHME Acer ginnala 2.89 17.21 18.58 12.89 5.0 3.2—9

B Ulmus pumila 2.53 10.06 12.02 8.20 6.1 3.4—9.7
FH LI FHE Betula platyphylla 57.72 20.24 19.85 32.60 21.0 45 12.1—41.2
TR Acer mono 5.90 23.53 17.65 15.69 6.0 3.2—13.2

Wit Ulmus pumila 3.30 19.53 18.38 13.74 5.1 2.9—9.9
WHME Betula costata 11.87 4.94 6.25 7.69 19.0 7.7—30.5
BHER I FI#E Betula platyphylla 66.07 24.15 27.62 39.28 21.9 46 5.5—39.4
W Ulmus pumila 10.27 50.15 34.25 31.56 5.9 3.2—11.6
JKHHMI Fraxinus mandschurica 8.68 8.36 12.71 9.91 11.4 4.7—31.5
P Larix gmelinii 9.48 4.95 5.52 6.65 17.3 4.8—38.6
FHF IV [ Betula playphylla 68.28 29.36 26.13 41.26 20.1 44 10.7—33.8
iR Ulmus pumila 8.36 35.47 28.14 23.99 6.3 3.2—21.1
TS Acer mono 5.48 14.24 16.58 12.10 7.9 3.1—15.0
JKHHMP Fraxinus mandschurica 5.79 9.88 13.57 9.75 8.7 3.8—33.2
B E Ve Beula platyphylla 45.93 15.44 15.00 25.46 26.9 52 9.7—40.0
T SfH Acer mono 7.50 24.32 20.56 17.46 8.2 3.4—20.9
Wi Ulmus pumila 7.08 14.67 12.78 11.51 10.2 3.5—25.3
1145 Populus davidiana 15.99 6.95 8.89 10.61 24.4 15.0—33.0
BIrf VI FLFA Acer mono 36.66 13.75 16.67 22.36 7.4 3.1—22.3
FI#E Betula platyphylla 11.28 42.01 27.22 26.84 24.3 49 6.4—37.8
114 Populus davidiana 25.97 4.46 10.00 13.48 27.5 20.2—46.2
M Tilia amurensis 8.97 11.15 11.67 10.60 13.3 4.8—23.6
BT VIL FEHE Betula platyphylla 45.69 17.30 16.76 26.58 25.6 50 14.9—38.2
TS Acer mono 6.70 32.87 2291 20.82 6.5 3.0—17.7
Wit Ulmus pumila 7.90 17.65 18.44 14.66 10.1 4.7—20.6
L7 Populus davidiana 25.55 6.23 8.38 13.39 30.5 14.0—50.3

I . 75 valley floor; T I IV FH3E I H T #F the top, middle, bottom of the sunny slope; V VI VI BA3 I H F &S the top, middle,

bottom of shady slope
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HEMR A 25 ZR et e B L e B8 0 5% il 5 10 BE AR IS 3 K (40—50a) 43 A1 B4R Hh S AR T 3l T4 A i
(RIATRARNE L) B RER AMEMO BRSNS G2 KPR 1) 53 7 0 A8 T 7 Fhar sb 2S5 (PHYE L v R 3R
B3 I o R At ) | AR AR ST R A A 3 B 20 mx30 m [ EPRAERL (3 WWER ) , ik
21 Yebpuidh , JFF 2013 AEA KA (5 A) KAERZEAIN (10 A ) W& PRfEiE AT 7 5 R R I5 Y57
THT A8 8 A U
2.2 AEBE A I E

TRAR 2Bt 1 DU 2 T 1% < A A5 ARt b TR AR A 1 B AR IR A 508 (D =2 em) i AR X E 4@ 1 A
HE Az AR S8 R AR AR A AR R Y TR A AR M TR 2 B A A R ST X E A Y 4%
PR S B BAE ) I APR LR TR R Z A, TR IR A i i S AR bR LA 21

K2 WTARRABMKPEEZMMNENESHIE

Table 2 Biomass and carbon content of main species of white birch secondary forest in Zhangguancai Mountains of China

- 44 A= ¥4 Biomass e
" = =N
Species Component R R R2 ¥Jr iR % MSE Carbon content
Biomass equation Mean squared error
FIHE Betula platyphylla T B=10*"1p*?78 0.988 0.006 0.459
platyphy:
53 B=10%%2p*78 0.956 0.035 0.498
nt B=10"176 142 0.918 0.033 0.489
Lics B=10"31p*5%0 0.993 0.004 0.457
LM, Tilia amurensis + B=10"%"1p*686 0.988 0.010 0.543
(53 B=10%%*p287 0.908 0.093 0.531
n B=10%2p>377 0.897 0.082 0.557
it B=10"178p>307 0.966 0.015 0.527
114 Populus davidiana + B=10"836 247! 0.993 0.008 0.434
/53 B=10"12p324 0.971 0.062 0.465
mt B=10%%7p*182 0.795 0.243 0.471
it B=10%%2p?363 0.996 0.005 0.435
TLfM Acer mono + B=10"877 408 0.971 0.019 0.466
753 B=10%97p*9% 0.977 0.023 0.476
it B=10"2%pl98 0.962 0.017 0.491
i B=10>%1p!9% 0.975 0.012 0.45
KM Fraxinus mandshurica + B=10%*!16p2316 0.991 0.008 0.532
753 B=10%93 2785 0.974 0.037 0.525
it B=10%93 2180 0.981 0.016 0.506
i B=10"37p2475 0.982 0.002 0.517
VEMHA Larix gmelinii T B=10%311p>15 0.963 0.005 0.467
53 B=107133 p*340 0.953 0.024 0.504
it B=10""81p39% 0.887 0.052 0.492
Lits B=10"%!p2572 0.949 0.009 0.469

B: ¥ Biomass(kg) ; D: Mi7& Diameter at breast height( cm)

HEARZE FEAJE K75 ) 2 0 fidt e 5 7 v AR AR UEHL N BEHIL I 5 4> 2 mx2 m BEARZ/MHETT (10 4> 1
mx 1 m FAJZ/IETT K 10 430 emx30 em JA7EYIZE/NETT R IBCIIE N E HEAR R (AR JZ K7 W2 A=
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Yy EE I M B AN bR AR 2R ST o i U SRR A T0°C TE TR L T, DU A A K R
AT E RGBS TR B R /NN EE R i, A3 1 (0. 1mg ) B 50 mg Z247, 1 EA4000 fi A& 53
FrSGHE T 1300°C TRE7E M & A PLIk & &, &5 6 & B R AEY & TEITEEARZ  BARZ 5 0% Y2 ik
fitife
2.3 IEmRAE I

FEA AR IEHD I BREAL I 3 > IR, #0010 em (BB R0 4r 382, 70 B> 582 OR339 T HORE 3
W, HE HIERLZE (SRR R <70 em) . HIEFESAREEE 5 H AR XTI & H T3 1R &K%,
SRIG B 200 ¢ 2247 HIRAE A FT R, i 100 H AL B, gk A oA ik MR R 255 e s A uRir b
PIARFRE 73 b, S/ NN IR, T KT (0.1 mg) U 50 mg 2247 MBS AL &, £ EA4000 Bk AL 53 Bt
G I 1300°C T3 I A WL & o, THOA - et it

+ A MR B A5 B T AR — E R A 2 SOC pIE i, — M v/hm* 8l kg/m® o . 2P Rl

AL R ) — MR EE SR, 12 AR EE (S0C,, kg/m?) BIHEAR R,
SOC, =C, x D, X E. x (1 = G,)/100

K, CONEIEANIRE & (g/ke) , D NEE(g/em’) , EHEZREE (em), GAHEAKRT 2 mm AR
PR E (%) o

At — R Rk ZEA, AR A% A HLERE B (SOC, , kg/m”) gt

soC, _ZSOC _Zc x D, xE;, x (1-6,)/100

2.4 #E%&«%mﬁifﬁﬁ%n@%lﬁkgfﬂ

TeARJZERI R AT T FRARYE AR AR A TR I (2013 4E 5 1) AR AR (10 A) AW i 2248
AR 30 VEA 2GR 7= S AR DR BR DP9 4R (5 a) P25 BOAR BRI AL 7 1 o S AR I A )
K =2 IR R T A5 380 45 37 M 2R Y HER AR A W A 77 T o FROR)ZE TER)Z RS )2 I A v T e 3 0ot A%
F A A 777 5 AR L Bl 7% it ) S REIR AT B — 25 I R BIVAT 75 28] 45 37 1t 28 70 1) RS MR Bk 1) 4T 15 i1
Bt .
2.5 Fdmaba

P BT A5 Excel 2010 F1 IBM SPSS Statistics 19 #4720 87, 2R B K K 7 22431 (ANOVA) |
/N 325 51 (LSD) Fl Duncan £ 8 HUASHEATA ARG 50, B MK B8 «=0.05,

3 ZBRES

3.1 7 HBXT MM BB fith f: 1Y) 5

IR 3 AT, 37 MBS BB ) A 08 R AR FIMEARAE Wi 6 it ELAT i 252, 7 Fh Sz 2R AR 1 R SR MR AR
PEBRAG B AT TE (76.28+18.11) —(115.57+5.59) 1C/hm* Z 6], Horp  BHYE b FERAIBAYE b R0 4 A~ r 2k
TR 25 T 35.1%—51.5% (P<0.05) , FH 3% oh 385 B 3 30t v T4 (0 22 S AN 3% (32.5%—
33.6% ,P>0.05) , Ak 2B B3 bR ERIEASE I S FH3E S B B R > 4 Mo i AR fR A

7 TR MM 9 45 4L B2 YR e ik (%) s W AR AT T AN L T R 2 B i £ A8 BH 31 3R A3 1
T R T A HiL 40.9%—50.8% ( P<0.05) , BHIE I EB B B S T A MU 25 SR 1B (29.9%—
33.2%,P>0.05) , S IBHYE L EBFNBAE b > BHIE b R E85 B3 b > 4 b %) 28 A B R 2 ik i A
TE PR3 T #0025 5 T PR3 3R (116.7% ,P<0.05) , B3 i | BI85 35 A7 e 4 Ml =g 7 PR3 3B H 25 -1 3%
AN 2 (38.9%—88.9% , P>0.05) , 52 FHH 13> BH I v s | BRI 45 30 067 B2 A5 1> BH S | 3828 Ak fa 3 s FOA 2 e
it B 7 b 535 5 T B A% B 437 55 B 3 R 35 471.49%—900.0% ( P<0.05) , BAYE b v v T BH 3 4% ke 437 11 19
W FHH 2 SR 53 (42.9%—675.0% , P>0.05) , A5 >BAYE APl > BH -3 0 K BRI R 3828 ik #4
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P PRTE Y R R E SIS b P S T 105.5%—117.1% ( P<0.05) , FA3E T 5B BH 3 & 3 07 5 T4
HH 22 VAR B3 (87.3%—95.7% ,P>0.05) , 52 B3 | rplss BRI S R0 B3 & o7 > 4 o 8 Ak %, m]
T AT A2 il it B 7 b R AR A Fa 3 5 ORI AR SR, TR 2 (REAR 2 V&) 2 Bk A 1k B T b 28 A A
Tl a3 5 A A A

R3OS T MR FRABEMBERBREERE SR
Table 3 Vegetation carbon storage and allocation proportion of white birch secondary forest on seven kinds of site types in Zhangguancai

Mountains of China

it I SEHIZET Site type

Tiem Layers I I 1 v i \il Vi

At/ (Vhm?) Vi N 72.12£17.66a  101.62+20.81b  93.667.35ab  96.09+13.95ab 103.32212.56h 94.87+10.09ab 108.76+5.80b

Carbon storage i NS 0.31£0.07ab  0.1820.04a  0.25:0.04ab  0.3920.06h 0.32£0.14ab  0.3420.13ab 0.2620.02ab
R 0.40£0.40b  0.06:0.01a  0.04x0.03a  0.06=0.04a 0.3120.19ab  0.10£0.03ab 0.07£0.00a
IR 3.46£0.23a 7512247 7.1122.36b  6.50£2.01ab  6.77+2.08ab  6.5620.81ab 6.480.46ab
i 76.28+18.11a  109.37+20.25b 101.0625.46ab 103.05+15.98h  110.72214.61b 101.87+10.76ab 115.57£5.59h

eI % FAJZ 94.42+1.00a  92.70+2.60a  92.60+2.76a  93.36£0.99a  93.41x1.25a  93.12#0.15a 94.10+0.59a

Allocation Y N 0.42£0.18b  0.1620.02a  0.2520.05ab  0.3820.02h 0.28+0.09ab  0.340.17ab 0.23+0.03ab
AR 0.47£0.37b  0.0620.00a  0.04x0.03a  0.06x0.05a 0.2840.17ab  0.10£0.02a 0.06:0.00a
REWZ 4.69+10.30a  7.08+2.57a  7.11¢2.68a  6.20£1.05a 6.03x1.30a  6.44£0.16a 5.62+0.57a

R A R I B PR AR IRD NG T REFRIR AN ST 2 ] AR B 922 53 25 ( P<0.05)

3.2 37U FAMEAR A BILAK it ) R

¢ 4 AT, ST BRI gR T A U TR I HEAR A ML At B AT B s 7 Rl Sr b | ek
A WA A 7E (81.53£6.15) —(181.90+21.62) tC/hm>Z [a] , Hor  BAS &3 67 (1 o T BEm T
B3 5 A b 24.09%—123.1% (P<0.05) (FT =& Wi TR 13 12.2%—23.1% (B FH3E H i &
2,01k b R T RIS 36.0%—81.2% , P<0.05 ), SR | 53 B3 4% A > Bk
> BT FR AN 3 1 3 A AR

37 S FRNT FAMEAR e HILRR A e (192 () 43 A A% Rt 2L 52, 78 K404 1, 0—10 em 382 06K
FEERAE B 30 2w T HAD 6 A7 2 23.6%—105.7% ( P<0.05) , A& b R BB FBA L 1 | il K 4
35 = T B TR 47.8%—66.4% (P<0.05) , EELBHYE T3> FHE b R ABASE T ol R 7 s> B3R R
AR 10—20em 382 ficfith B AE B3 b B AIBA B 13 0 2 o TR b RS A il 37.19%—104.8%
(P<0.05) , FH3E T30 BH3E Fhal S 45 o v T RS 30 22 S AN B 3 (22.7%—31.7% , P>0.05) , S FH3% I |
rRERRT B3 1A > B35 L 135 s B 43 b > B R AR AL #5520—30 em 82 R 1 A BH I b 2
TR T8 126.2% (P<0.05) , Hifth 5 A~37 2R = FRAYE T 3R IH 25 3 PE 2 R 3% (68.7%—115.5% , P>
0.05) , S FHI FhEB> 28 M ABH [ 38 A BAME b > B3 AR AL A4 530 em AR 4% 182 v (R ik it 2
FEARRI ST I 2 (8] 2 SRR YR 28 ) O, ST S S B OO T I MEAK 0—30 em 382 B fif 1t () 7K
Sy A SR, TXE 30 em DAF 382 i fith B K - 43 A E1 B35 52 )

PR PLAT AR 5 D, 28 M AB3 350 2 A7 28 Y + 3 2 AR B (A 3—4 J2) , B4 HHEZE Rk 6%
IR0 25 50, 202 L B3 SR AIBA S E 3 2 S AE 0—20 om 32 TR AE R 25 5 T 20—50
em 32 (42.4%—163.7% 1 63.8%—145.7% ,P<0.05) , Al 43>8 2 JZ2 ; BHYE R EBABAIE A3 3 4> Sr 2
TE 0—30 em THEZARRAE R = T 30 em DL R £38)2 (39.9%—89.2% .31.4%—164.4% il 56.2%—164.6% ) ,
WAl 43R 2 2, B al UL k) A TR FIRERR 7 Fhr 28 R - AT HLRR % B A Ko A T B A AR SR
I AR BRI 25 51k
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Fda WSTAUE 7 BRI ZER F R AR A MR T IRE S 2 R H 5 R4HE (¢/hm?)
Table 4 Soil organic carbon storage and its vertical distribution of white birch secondary forest on seven kinds site types in Zhangguancai

Mountains of China

HHERE/ em ST HIZET Site type

Soil depth I I I I\ Y Vi Vi
0—10 38.64+9.18 Ab 51.14£3.61Cc 37.41£3.12Ch 36.73+2.72Ch 40.96+1.89Bb 41.36+1.92Cb 24.86+9.55Aa
10—20 26.67+7.12Aab 42.38+4.08Ccd 37.39+£3.21Ched ~ 28.72+5.86BCabc  44.67+13.84Bd 27.28+8.96ABCab  21.81+3.66Aa
20—30 26.76+14.71 Aab 29.77+6.69Bab 33.52+7.34BCh 28.47+4.68BCab  25.00+4.97Aab 31.93+15.11BCab  14.82+2.27Aa
30—40 24.05+8.61ABa 23.96+7.64ABa 21.67+6.50ABa 18.94+1.46Aa 15.63£0.21Aa 14.99+1.50Aa
40—50 19.39+0.12Aa 19.76+2.19Aa 18.96+5.66Aa 18.19+5.25Aa 17.46+0.30ABa

50—60 22.46+9.39ABa 13.89+3.50Aa

60—70 17.32+1.85Aa

A1t Total 98.29+16.20a 171.99£19.43cd 181.90+21.62d 165.76+16.99¢d 147.77+13.33be 133.67+7.55b 81.53+6.15a

ARKE FHITRAR LJRRE SOC bR 253 8%, ARG FHITRARRE A SOC S 225+ 8. (P<0.05)

3.3 ST MU AMEARAE 2 2R G it i 1 R

HE 5 AT, 5K A IS AR FIMEMRA: 25 R G S AF A S A S 7 FhSr M2 I (rpepR A 25
RGBT AE (174.57+20.27) —(282.96+17.92) C/hm* Z 8], Hor B b o R Ep s TRsh
54 14.1%—62.1% (P<0.05) , B3 b A & 3 i T B3 F &85 47 b 19.5%—48.1% (P<0.05) , £ 3L
BRI A3 007 > B3 1 > B3 T &85 75 b i A8 AL A

ST AN MR 8 R Geik it B r FOA% G 50, 78 7 Ao S AL v BRI A AL RT3 b AR
R Ay MR A 25 R G it e 53 A A SR BEA — B, - B Bt (56.4%—64.1% ) SRR it i (35.9%—43.6% ) 1)
07 E2 ok 6:4 , S B HE A MRt T AR i 1) 0 B S 5 DL BF T 3 4 A5 25 R GElke ity B o A A% S T AS
], TRk Ak (41.4%) S5 A BB AE R (58.6%) ti HLZ N 4:6, 5 B AR Wbk i & K T 3Bk i 2 10 40 A
¥R

x5 WISTAWE T FALER FRAAMRESRAEREER SR
Table 5 Ecosystem carbon storage and allocation proportion of white birch secondary forest on seven kinds of site types in Zhangguancai

Mountains of China

b Bk M Site type

Item Layers I I Il I\ \ VI VI

ettt/ (1/hm?) Li:E7 76.28+18.11a 109.37+20.25b 101.06+5.46ab 103.05+15.98b 110.72+14.61b  101.87+10.76ab 115.57+5.59h

Carbon storage + 3 98.29+16.20a 171.99£19.43cd  181.90+21.62d 165.76£16.99cd  147.77£13.33bc  133.67+7.55b 81.53+6.15a
£ 174.57+20.27a 281.36+8.74c 282.96+17.92¢  268.80+14.71c 258.49+19.44bc  235.54£3.26b  197.10+2.98a

SYBCLL/ % ik 43.61+7.89a 38.85+7.05a 35.86+3.71a 38.33+5.54a 42.79+4.10a 43.21+4.00a 58.64+2.89h

Allocation T4 56.39+7.89b 61.15+7.05b 64.14+3.71b 61.67+5.54b 57.21+4.10b 56.79+4.00b 41.36+2.89a

RRVNG F-BEFR R AR R ST SR A R 5 SOC fif & 25 57 11 3% ( P<0.05)

3.4 7 HUXT FAMEMAT DG W) G A 7 T B A Ve i 14 5 i)

H 6 T, 37 B A 5K A U KR FREARRE B4 G A 7= VAR v [ ke LA S, 7 T M 2R
b BRI L P A3 AR TR (6.98+1.60) —(9.59+0.69) t hm™ a™' Z ], Hirh, B3 b3 5 B3 130 5 5 s
TR 8 34.2%—37.4% (P<0.05) , BHYE T SR B 3% T 5 S 45 b At = 1 B 33 v (H 22 S R 3 A I 3
(8.5%—20.6% ,P>0.05) , S B H BH3 13565 B3 350> BHYE v T 350 R B33 T 350 B 7 i > B33 mp 3 i AR f b #a
B HAR G IR0 A 7E (3.26£0.74) —(4.560.36) tC hm™ a™' Z [a] , {X BH 3 3% 5 25 T B3k 4348 39.9%
(P<0.05) , HoAt 5 /> 37 M2 A, 35 T B33 b fH 22 S PR 350 B 25 (9.2%—30.4% , P>0.05) |, &2 I BHYE 134>
PR3 b R AIBA S b R R A > B B AR A AR A A RIL, SR e R AR FIMEMRAE 3 ( FHYE 3
EFBAE E3) ELAT R A 5 DA R S A 7 07, AR B3 bR AR T R P A [ B
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S U S FUXT FAMEMRAS AEAZ G A 7 1 s A TR TR] TR 2 e A 7 A PR3 3
B TR bR S A 42.1%—46.4% (P<0.05) , HAh 4 S S7 b 2R & T B b 38 5 43 s B 22 S oA W %
(22.1%—26.3% ,P>0.05) , ZILBHSE L8> R F A5 BASE R E8S B3 &8 5 45 M py A2 Ak i 3 K2
I AE 7= 0 7E B3 T 05 B3 v 2 s T B 3% L3 87.5%—125.0% (P<0.05) , Hifth 4 A~ 7 Hb 2R & F
FHYE 3R H 25 S M B3 (37.5%—75.0% , P>0.05 ), 42 B3 T 35 B 3 v 3 > BH S p 3B 5 B 3% 1 R 30 ey
Hiu > BAS 1 FRAR T B, BEAR 2 A0 G A 7= 7 A L S R A M T B 3 T 678.6%—764.3% (P<
0.05) , HiAth 4 A7 bS5 T FH 3 s H 22 PR 8 35 (64.3%—114.3% ,P>0.05) , 2 3 T30 A 4 b > FH g
bR ER S B NS B A AR AR R, T, IMEMTROR)ZE ER)Z AR SR A 7 g B ST b S
AR AR A SE 2R TR) , =25 43 0 76 PR 3 BRI T 565 BRI 3 s | B3 L350 5 45 M A 4 i

N7 TR X MR A B 2 A e [ i i ) 5 i B A R T ] TR A 2 4 0 [ il e 7 B 3 3 J =%
T T A AN B B P 43.4%—44.3% ,P<0.05) , Hiflh 4 > 37 3 2 70 v 1 23 i A 9 395 v s AE 25 S e R g
(22.8%—30.1% ,P>0.05) , 2 B3 - EFB>BAS b TR &5 B33 1 80> B3 b A 4 b 28 Ak i 3 s TR 2 4R
[P 0k 7 BE I 30 25 T BH % 350 1.0 15 (P<0.05) , Hiftlh 5 4> 37 2 R0 5 T B I 1350 H 22 S e i 3%
(25.0%—75.0% ,P>0.05) , 52 BA3 T 38 > BH I 3 | BRI 45 3 057 S 4 b > BRI b 50738 Ak i 3 s REA J2 4 o [ Tl
HETEAY b 3 T BHS S 3 7 B3 B 4.7—9.0 £5(P<0.05) , B3 I Bl i 1 BB 45 3 057 5 B3 T 3
2RV E 3 (42.9%—675.0% ,P>0.05) , 24 MU BASE [ B> BRI A 307 5 B3 T A8 fbka s, ml I,
FIHEMRTR A JZ TEARJZ RIS 24 1 [T il i B 57 b 2 AR R B AN ] | =35 20 S0l A BR3P 38 45
AT R

F6 WIS 7 IR B R RS R DA R ERE

Table 6 Vegetation net primary productivity and annual net carbon sequestration of white birch secondary forest on seven kinds site types in

Zhangguancai Mountains of China

ek Bk SLHEZE AL Site type

Item Layer I Il | \4 A Vi VI

HRIRET ) Vi%NE 6.34=0.54a 9.28+0.66h 7.97+1.22ab 7.99+1.53ab 8.01:£0.50ah 6.53+1.63a 8.01+1.20ab

NPP/(thm™2a™") AR 0.13+0.02abc ~ 0.08+0.01a 0.110.02ab 0.18+0.02¢ 0.140.06abe 0.15£0.05bc ~ 0.12+0.01ab
LY N 1.09:0.84hc 0.23+0.05ab 0.14£0.10a 0.24£0.19ab 1.21£0.81c¢ 0.30£0.02ab  0.23+0.03ab
M)Z 7.57+1.34ab 9.59+0.69h 8.23+1.28ab 8.42+1.36ab 9.37+0.46h 6.98+1.60a  8.35x1.19ab

AR e TRz 3.110.38a 4.460.34b 4.02+0.60ab 3.99+0.77ab 3.88+0.25ab 3.09+0.74a  3.82+0.49ab

ANCS/(t Chm™2a™!)  HEAJZ 0.06=0.01ab 0.04+0.01a 0.05+0.01ab 0.08+0.01b 0.06+0.03ab 0.07£0.03ab  0.05%0.00ah
AR 0.40+0.40b 0.06+0.01a 0.04£0.03a 0.06+0.04a 0.31£0.19ab 0.10£0.02ab  0.07+0.00a
M E 3.56+0.74ab 4.56+0.36h 4.10+0.61ab 4.12+0.75ab 4.25+0.09ab 3.26+0.74a 3.95+0.49ab

ARG FRE R AR S 2B HE NPP (net primary productivity) & ANCS (annual net carbon sequestration) 255 . 3 ( P<0.05)

4 SFigHGiig

4.1 ST HOX R BB i (4 5

ABIFFEAG BN 5K A WS R AIR FUMEMRL BB it 1t 75 PHIE AR D30 5 R A AR A i, v 7 J8 v 45 4%
HOTFAR . oA FLEPR AT RE R Hh A A i it fat 32 B IR T o L S (A A7 1 T AR 2 Bt it (92.6%—94.4% )
(3 3) IeARZ0ehf e L3O (BRI B3 3 AT S0 (3330 ) AR A e, T A 45 Hb DU AR X541, 2%
SPEOLHRAE I RIS AR R . BRSNS B T RS A OC R R Iz R P
SERR B0 A A T AR 1 AR K R R AR R B N T R AR (KR )
A BT UM 2 K 5 A M A 2E K R 2 AT 2 MoK IR, 1 2 00 H 40K 20 WIBR 1 LA (19 4=
KRR FE BB R, MO B T AR E R AR A

ARBFFEAG 5K AW FHEMR TR A JZ B %42 95.78 1C/hm*(72.12—108.76 tC/hm” ) B 55 T BUA BF 57 45
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( A1 BRI /N 2422 W (3 HERR TR AR 2 3 i B 67.37 tC/hm® S48t 1l X (3 HEAR I7 A 2 1 i i 53.65 tC/
hm? 5 E LM PR I ARTR A Z B B 55.20 1C/hm* ) 42.29%—78.5% , Horh 48 Hb FTMEMR TR A2 B
H(72.12 tC/hm”) B 5 T RUA I 45 5 (7.19%—34.4% ) , T i b FAAEAR TR AR JZ 06 B (99.72 1C/hm® ) B LA
T FT 45 4R = R LA K (48.0%—85.9% ) , B i T SR e VT8 BT ACJZ B A - 24 {8 ( 33.44 tC/hm™ )
(115.7%—198.2% ) , X ULHATKT™ A I KSR AR ELA A4 3 BT A 2 R A o, X AT RE 5 AR IX A 2 1 4
S NS B TSR BN (R AT RARAE ML ) Bobhoy & BRI RAF SR B VIR

4.2 37 HBXF AR - SR At i 15

AHIGEATF BN K] AU TR FAMERR - 398 HLRR A 12t 7 FH 345 30 (67 AR X e v, BRI b B s b 46 B3
HRFNAS HUAE X AR A B, B R PRl T PE S L rp 8 3 AN Sr i 43 HE 0—20 em ,0—30
em ,0—10 em - 38)Z3 B it i A X4 s (3 = TR BET 3K 94.3%—105.7% .50.5%—126.2% F1 48.1%) ,
H =30 138 2 A 3R (50—70 em) (WL 3) , Bl T B0BH 3 45 35 007 1 A 380 fith o 20 A X A s 5 BRI | P
#B 2 AL HZEF M HIFE 0—20 em 0—10 em 13582 H R A s AH X4 R (3 R T A T 64.8%—104.8%
M 66.8%) , HFH I+ 2 E 8 T H KT (50 em) |, WO ERAYE I AP 4 A HLRR % 1t Ji T 25 i BA
T AN M 2 A7 H AR A 358 2 AH XA (30—40 em) , FLA& T35 Z 04 A, B B0 2 sk
fiti i AR A A1

BEAN, KT AU 7 Pl R - R IR FAREAR A + b A 7 25 {8 140.13 1C/hm*(81.53—181.90 tC/hm*)
1 TR R ARAR - ek 109 v/hm® 7RI 7 BRbK £ HERR % 2 85 v/hm® ™ (28.6%—64.9% ) , Ik T3t Ak
FILLFRAR - e it i 164.66 1C/hm* ) J H AR FAAR L1 AR e it i 333.60 1C/hm* "' (14.9%—58.0% ) , ik
H A HERkAg SR E R TP S K s (B ST RDR | 5K A4 I HE AR 1 3R R it 78 BH 3 7 |
(173.22 tC/hm®) W& TR I (5.2% ), THAERAYE (120.99 tC/hm?) 545 11 (98.29 tC/hm”) 7.3 b H: + 35k fi%
EMEEAS T L (26.5%—40.3% ) , 3%, 156 B FIAREAR - SRR Aif 1t 47 76 25 B S8 100 57 23 S R 12k
4.3 7 M FREAR AR 2 R SR it 1) R

ARHFFEAF RN AW KR AR 25 2R GERk fi e 78 BH3M A5 3 A0 B AR X A v, B Rk 2, B3R 38
SRR, X SBUA MRS A KR FRERR AR 25 2R Goni it 2 7 P I 3 407 5 v B 45 e fIR >0 O
At a3, VARG AR A PHE (b o R3O BARRT R B8 B e MR RS
B HEAR, TR 3R i T o IR AR 2 FR G it i 3 A M 67 (1Y) - SR fi £ B N b S TR AR A 5 B
BRI 25 35 067 > B3 B | bl s B3 RS Y o0 A R, S BOH AR S RGeS 9 5 Z AR 22 4k
T TR B e PO BRI 45 00 2 8 T4 Ml (32.5%—51.5% ) HLAE A7 =2 0] 22 S PR - A i 3%
(2 5) WX A 25 R G it e B ST s 2R R AR AL A S AR IR R ST

[RIE 37 704 7 Fob 57 410 20 0 5K AR 19 ME AR A 45 R Gomk i i - 2 1 242.69 1C/hm” (174.57—282.96 1C/
hm?) 5K IR AR A 25 2R Ge e i AT (180.65—254.63 tC/hm®) ¥ iy F BRI HEIT (-4.7%) o Besk)
U8 P RREAR A 25 2R e P s e T 1 LU LR
4.4 7 HUXT PR B ) DR AE 7 O IR Y Al i D5 )

ARHFFEAF NG A W R AR FAMERR AR BB A 7 77 -5 4 11 i 12t 4 90 4 B 52 5 B 30k vy = 30 7 B8 B 3
AT AR XA R o DR DR SR AR T PR L ORI R 2 0 A 5 T AR e ] e i 34 e (S T
P 5 5 Hh 42.19%—46.4%F1 43.4%—44.3% ) , I3 T35 FOMEMR TR AR )2 0 A 7 ) B s v 46 (R ROR
JE R 7= E B (8 R TR A M LASM R A 5 R o7 bR 3.0—7.6 £iF) (% 5) , &5 T2 A HEM R
BRI A 7 AR B3 55 B3 B L AR R A R AR AT T itk i A BH I AR X A s

WA 5K AU TSR AMEAR AR A2 77 77 8.4 t hm ™ a™'(7.0—9.6 t hm™ a™') 5304 th E AL BidkhE
Yg gL = 1 (6.0—14.3 t hm™ a™ ) Y BBF T 2518 FE AR — 20, 3 T R BRAE (40.0%) , (AR T E R
(=41.3%) , Ut HAT AR L T 108 T A /KT, HARRARE S iR 4.0 t hm™ a™'(3.3—4.6 t hm™ a™)
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WA T P R AR A [T (4.9 ¢ hm™ ™')™ (=18.4%) , (H 5 2 BRF-HRIBE IS B R (4.1 ¢ hm™ ™')™ AR
(=2.4%) o DAL, 5K AW R AR ETMERR AHE B (515 RE 14T S BRAELBOT- 24 [T R K F-
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