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Abstract

Aims The objective of this study was to estimate the carbon storage and its allocation in the Betula platyphylia
forests of three different ages (25, 40, 61-year-old) in the cold temperate zone, NE China.

Methods Through analyzing the field data, we estimated the carbon storage and sequestration rates of tree, un-
derstory layer (shrub layer, herb layer, litter layer) and soil layer (0-100 cm) of the 25, 40 and 61-year-old Betula
platyphylla ecosystems in the north section of the Da Hinggan Ling Mountains.

Important findings The results showed that the carbon content of each organ in the tree layer of the forests
ranged from 440.7 to 506.7 g-kg ', that decreased as the forest age increases. Carbon content in the shrub and herb
layers decreased first and then increased as the forest aged, while that in the litter layer decreased with the in-
crease of forest age. The carbon content in soil layer (0—100 cm) increased significantly with the forest age (p <
0.05), and decreased as soil drought intensified. The carbon storage of B. platyphylla ecosystem at all levels in-
creased significantly with the increase of forest age. The carbon storage of tree layer in the forests of 25, 40 and
61-year-old were 11.9, 19.1 and 34.2 t-hm >, respectively. The carbon storage of the organs follow the order of:
trunk > root > branch > leaf, and the allocation ratio of trunk carbon increased as the forest aged. The carbon
storage in the Betula platyphylla forest ecosystems of 25, 40 and 61-year-old were 77.4, 180.9 and 271.4 t-hm 2,
respectively. Soil layer, the main carbon pool of the ecosystems, accounted for 81.6%, 87.7% and 85.9% of the
total carbon storage. The annual net productivity (2.0—4.4 t-hm72~a71) and annual net carbon sequestration (1.0-2.1
t-hm *a') of the forests increased with the age increase of the forest, and the old-growth B. platyphylla forests
hold a strong carbon sequestration capacity.
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Table 1 General information of the studied Betula platyphylla forests in the north section of the Da Hinggan Ling Mountains, NE China (mean + SD)

NS e HE Al b1 YA v FRE MR T EAEY)
Stand age (a) Slope (°) Stand density (No. ‘hm?) Canopy density ~ Mean tree height (m) Mean DBH (cm) Main understory plants
25+6 3+1 1825+225 0.7+0.1 8.6+1.6 71+1.8 1,2,3,5,6,8
40+ 4 2+1 2075+ 300 0.9+0.1 11.1+3.0 95+1.8 1,2,4,5,7,9
61+7 6+2 1820 +250 0.8+0.1 152+3.5 124+22 1,2,4,5,6,7,8

1, Bk 2, AL 3, SHHHUR; 4, MeZALED; 5, AN 6, Huki; 7, B REBERL; 8, MRS

DBH, diameter at breast height. 1, Vaccinium vitis-idaea; 2, Ledum Palustre; 3, Vaccinium uliginosum; 4, Rhododendron dauricum; 5, Deyeuxia angustifolia, 6,

Sanguisorba officinalis; 7, Pyrola renifolia; 8, Maianthemum bifolium.

Fz2 AMEMETTE
Table 2 General regression models used to estimate biomass of different
organs of the Betula platyphylla forests

Paai N2 BN 5 R w45 3 A HETR AR JZ T B i
REFhm® (AR R, TR LA B B R A R, BN TR

#%H Organ [A]J975F2 Regression equation R KETF. K. 0 fEhmZE@ﬁffz fit B
BT St W=0.046D" {5 0.969 .

em 1.3.2 TR
P Branch W=5921D" 55" 0.793 . s e A Ao N
B Leaf W=0.012D"662 (04 0711 /%TEhm %'ﬁ%%j\j% 7 ﬁzflé [=] E]%Xj‘& IIIE
PR Root W=0.016D>""" H**! 0.933 SEMMAEYERTRE. X2 5FEEY EShm

DRERE, HRFR & .

D stands for diameter at breast height and H stands for tree height.
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ERRA S B (R R%); p iR A E (g om ), G
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YEIE, EIER Hdl P AR e 2=
2 R

2.1 AEHEBAERESRESENHRSE
211 FAREHREE

B3 T AL, AN A MRS AR T A 2 45 38 B Bk
S B AE440.7-506.7 g-kg !, MEEXTTRAR)E % 4% B
SRR EE W (p < 0.05), FEE IR INTR
RES S EHSEYZIFREES . Wik
BIENER K, M490.30%%E440.7 gkg !, WIS &
el N, 4859 Z453.6 g-kg . ANFEIBSEBES
RN AFAE 2 5, ARS8 LA I 5 e
2.1.2 MTHHEVMEKRSE

RN MO B4 V5 M ) 5 SR 4, A AL
FERE T AR TERS . ERZSREED)Z
MRk & B . HHER3TT A, BEE MRS, EARES
BRER S BRI T, RICN61 a > 25 a >
40 a, AT Bk A 5 BE A PRI BB N N B,
RKIH25 a (5152 g'kg') > 40 a (483.1 gkg') >
61 a (426.4 gkg "), AFRIMES %R 53 (p < 0.05).
25 a540 aFI MMM T Hh B 2 1B S R R BN
ENEAERZ>FARZ, 61 aFA MR RIUATEARZ>
BARSREME. ERZ. BAZH S RE
HE TR, WEMASRZENE s Tk
SRIE
213 TEEKREE

MR EL, ASFRARES AR 2R & o
1.3-77.0 g'kg ', [Al— 2 [FIBR A 1)k 5 B 77-7E 5
FEES(p<0.05), BRGSO n-eik E 2T,
FHIN: 61 a>40a>25a. ANREME AR LIEZ
Tk & B B A PR S 2 B M AT RRAE, RJZ(0-10 om) 118
et B B, Ay 19.9.42.9H177.0 g kg, BEE L
JEIR P RG0S B W R B . 0-30 em L Z Bk
SREEET TR, MELERE ML,
IR B ARSI, AEAN[R] B ) 2 RN o
22 BMMESREFSEIHRIEE R S EIFIE
221 FTABEME. BREERSEIFE

FHRI TN, BEEMREE 3G N, FeARERE A
Yyt BB ERINES (p <0.05), 25, 40561 a
MIEARZ YRS 5 24,1, 41.58176.5 t-hm 2, B
T AR AR AR A 43 IO LG A8 B 5 AR TR 2 0 T 2 0
(48.5%—70.6%F118.7%—10.6%), 4= 4 & 43 B bk
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PR WA R £ 240 T L ) A7 7E B 5 B, it A
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Tk fith 53T L 451 ot 4 RS () 388 o i BRI, Tl AR
B8 bR P i B 4T B A R R B R AR
2.2.2 HRTH DRGSR K D ECHHE

HR3 TN, AT H ) Bt =R, AN FIAR
U FIHERR R Mo 2 R A B> B N2.3 thm 2. 3.2
t-hm *H14.0 t-hm >, FEZARES T8 BEARZ .
T T At e B o RS (B N S B T, TRIR
) B A I A PR B N

25a A MEARAR T M4 ) J2 ik i B2 R N E A JZ>
FEESFARZ, 40 a561 aFAIMEMRERBUNFED
JEHERESFARZ . EARZESHEARZ IR0 itk
B TN, BEY s B E&T R
fRIZ, ZRBEBEZE KT (p<0.05).
223 TIEEKREE RS EIFIE

FH P2 W], AP - B3 ik ik B o AR 6 1 14
B, 25, 40F161 aFHHEMK0-100 cm - /2 B ik
2019632, 158.6H1233.2 t-hm 2, Ak wtA[F 4
JZ IR B A B E R (p < 0.05). S AKES
MEAR LI B it B3 B A L2 VR B BB ISR I R %
A, IR EEET T0-30 em b2, HERACLE
B35 NT1.1%. 78.9%F165.3%, 30-100 cmt-JZ+
Hemfig =B
2.3 BMRE kAR

HRATT A, MR AR ) AR bk 3 B
5 PRUS R I ing S35 T 5, 25 40161 a I MEMR 1) 4
AR 10 9 092.00 3.0H14.4 thm 2-a”, A GRE
ARI91.0. 1.8F12.1 tthm >a . Jh IR R FERRAE
JIEm, HLE A AR B K TR R 2 [ B =03 Y %
3519090 1.3F12.0 t-hm >a ™', HAEA RS0 ik
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Table 3 Biomass, carbon content and carbon storage of the components (organs) of the studied Betula platyphylla forests in the north section of the Da Hing-
gan Ling Mountains, NE China (mean + SD)

Mo 25a 40 a 6la
Component
P e [ Tk i e [ T fits 2 L K&t T fits 2
Biomass Carbon Con- Carbon Stor-  Biomass Carbon content Carbon stor-  Biomass Carbon content Carbon stor-
(thm?)  tent(z'kg") age(thm?)  (thm?) (g'kg")  age(thm?)  (thm?) (g'kg™) age (t-hm?)

FiARJZ BT Stem 11.7+0.6" 4903+8.85%  58+0.5% 248+12" 4533+87% 112406 54.0+2.7" 440.7+47°° 23.8+0.7™
ﬁ;"e‘r" W Branch  9.4+0.5% 4859+84%  46+04%™ 11.1205% 473736 53£03% 114£01% 453.6+68% 52+02%

W Leaf 0.9+0.1% 506.7+73%  05+£00% 1.7+0.1”° 4842+16.0* 08+0.0" 3.0+£02™ 467.9+9.7® 1.4+00%

PR Root 2.1+0.1% 505.9+11.0% 1.0£01% 3.9+02% 471.6+12.5% 18+01® 81+05% 4656+12.6 3.8+0.1%

it Sum 241+ 1.1° 11.9+1.0° 41.5+2.0° 191+1.0° 76.5+3.5° 342+ 1.0°
WEAE H 25 15401 5053+1.7%  08+0.1 1.0+0.1% 4943+149% 05+01% 15+0.1% 5753+26.6" 09+027
Shrub  Aboveground
layer  pywamsy 12+£0.1% 4837+1.9%  0.6+0.1™ 09+0.0™ 4657+13% 04+01% 13+0.1™ 551.7+75% 07+01%

Underground

S Sum 2.8+02° 14+02° 1.8+0.1° 09+02°  2.8+0.2° 1.6 0.3
BAR A4 02+0.0% 426129  0.1£00° 07+0.1% 412.8+2.7° 03+0.1" 0.7£0.0% 4624+7.1%% 0.1£0.0°
Herb  Aboveground
layer  yy famsn 0.1+£00"™ 4248+ 15  00+£00° 05+00" 3998+9.1% 02+0.0" 05+00" 471.5+£83%  0.0+00"

Underground

#iF Sum 0.2+0.0° 0.1+£0.0° 1.1+0.1* 05+0.1°  02+0.0° 0.1+0.0°
W% ROEE 544.0+63.0° 0.1 +0.0" 478.1+21.8% 0.3 +0.1" 433.0+17.8" 0.6+0.1"
Y= Undecomposed
Litter layer
layer sy sopm 4863+ 11.7%  0.7+0.1% 488.1+13.3% 1.5+02™ 419.9+24%™  18+02™

partially-

decomposed

layer

it Sum 515.2 0.8+0.1° 483.1 1.8+03° 426.4 23+03°

RNEKRG F BRI R — MR AN 4 5 10 22 57 B35, AN E/NG B 0K [l — 443 AN R AR RS ) 2 57 2. 35 (p < 0.05).
Different uppercase letters indicate significant differences among different levels of the components of the forest of same age, and different lowercase letters
showed significant differences among the same type of component, but different forest ages (p < 0.05).

90
%o 80 Ac
i
T 70
£ 60
S50t Ab
§ 40 Be

30
S Aa Ce
i 20 Bb Bb Dec
T 10 H Ba Ca I Ec

DaCb
& 1 | e Ea Db |
0-10 10-20 20-30 30-50 50-100
12 Soil layer (cm)
O025a O040a W6la
E1 KM R AR bk L35 2 5 &2 (P HA{E+

PrERZE) . AFKRS FRERORFE AR ANE 42 R 2 57 R 2,
AR NG RN R — 2 B AN AR 18] 2 57 52 (p < 0.05).

Fig. 1 Carbon content of soil layer in the Betula platyphylla
forests of different ages in the north section of the Da Hinggan
Ling Mountains, NE China (mean + SD). Different capital let-
ters indicate significant differences among different levels of
the components of the forest of same age, and different
lowercase letters showed significant differences among the
same type of component, but different forest ages (p < 0.05).

AR RIS F AR TR A J2 45 41 434 [ e 2 (0 HE e 3K
BRI (55.6%-70.0%) >8F(20.0%-23.1%) >

(5.0%-22.2%) >HHR(0-7.7%). BEHEMEEHIIE N, Ir
I JZ PR I B 7 Ll IR R, LA 2 A0 AR T B
B 7 FEIIRMR /N o AR R 2 04 TR B
0.2, 0.5H10.1 thm >a ', B140 aF T MEMRFR T Hp Z2
[ 56 7 e vik, 61 afie 55 .
24 BMMESRFREENSECFE

HR ST, BEEMRESIGIN, PR A RS
it B H PRI K, 25, 40561 aFMEMR A 25 RS0
B HIN77.4. 180.9F1271.4 t-hm2, A [EIFKESE]
ERwEP<0.05). FFARE. WHFHEYE. L1
JE A B 3B BE S MRS I B I G, TR A2 Bk it =
43 e Eb A9 B 55 AR S 1 38 e B AR 5 T 1, 2 il
15.4%+10.6%F112.6%, #KT 144 =t it & 53 B LE
151 [t A RS TR 3 N T AR, 3 501 83.0%  1.8% Al
1.5%, AMMAES RS mEE T EE D T LR
(81.6%—87.7%), A5 Mk & 1) 38 fin -+ 358 J2 Bk it 52 73
TiC Ll A3 S T I BRI, 43 B A3 B PR 11 738 A R AE
H5IRAREHR
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<
300 £ 100
A 2 B
E 250 | ) i
s 7 S 75 |
g, 200 /A =2
g e RS
E 150 oy b = : 50
Q o
2 ==
i@ 50 = b c S
E) . 2
L ' < 0
0 25 40 61 &’ 25 40 61
PR#% Stand age (a) HR#% Stand age (a)

00-10cm @10-20cm @20-30cm £ 30-50 cm @ 50-100 cm

B2 RS RS bk L35 e ik = 26 X (B (P A (B A F RV Ol 22 ) (A) A AR XS {EL(B)
Fig.2 Absolute (mean + SD)(A) and relative distribution (B) of soil carbon density by soil depth in the Betula platyphylia forests of
different ages in the north section of the Da Hinggan Ling Mountains, NE China.

TA KW ALHS bR 5 LA 471 AR 72 SRR BB e (0 hm - ) CEIS AR HE IR 22)
Table 4 Net productivity and carbon storage of each component in the Betula platyphylla forests in the north section of the Da Hinggan Ling Mountains, NE
China (t-hm2-a")(mean % SD)

Mk Fr A2 Arbor layer AR AR it
Age @ BT Trunk  RFE Bark 0 Leaf  #A Root Ml Total Shrublayer Herblayer  Total
25 %47/ Annual net productivity 0.4+ 0.0 0.3+0.0 0.9+0.1 0.1+0.0 1.7+0.1 0.1£0.0 02+00 20+0.1
4E[E B Annual carbon storage 0.2+0.0 0.2+0.0 0.5+0.0 0.0+ 0.0 0.9+0.1 01£00 0.1£00 1.0+0.1
40 #4471 Annual net productivity 0.6+ 0.0 0.3+0.0 1.7+0.1 0.1+0.0 1.9+0.1 00+0.0 1.0£0.1 3.0+03
4E[E A Annual carbon storage 0.3+0.0 0.1+0.0 0.8+ 0.0 0.1+0.0 13+0.1 00£00 05+01 18+0.1
61 435457 Annual net productivity 0.9 +0.0 0.2+0.0 3.0£0.2 0.1£0.0 42+02  00£0.0 02+00 44£02
fE[E R Annual carbon storage 0.4+0.0 0.1+0.0 1.4+0.1 0.1£0.0 2.0£0.1 0000 01£00 21=0.1

RS RN ALHS 1 MEBRBRAAE 7 (¢ hm ) B A O JR CR IS b i 22)
Table 5 Carbon storage (t-hm ) and allocation percentage of the Betula platyphylla forests in the north section of the Da Hinggan Ling Mountains, NE China
(t-hm-a"")(mean + SD)

WH Item & Age (a)
25 40 61
Tt i Sy L Tt i Sy LL A Tttt palEal]
Carbon storage  Allocation pattern Carbon storage  Allocation pattern Carbon storage Allocation pattern
T*ARJZE Arbor layer 11.9+1.0 15.4% + 1.4% 19.1£1.0 10.5% + 0.6% 342+1.0 12.6% £ 0.4%
W)= 23403 3.0% £ 0.4% 32+05 1.8% + 0.3% 4.0+0.6 1.5% £ 0.2%
Understory ground cover layer
32 Soil layer 63.2+4.1 81.6% +5.3% 158.6+3.0 87.7% % 1.7% 2332+7.6 85.9% +2.8%
ARG Ecosystem 77.4+54 180.9£4.5 271.4+92

11.9. 19.1H134.2 t-hm 2. AW LS FALT /N #L51
al IHEMR (41.80 t-hm )(BZIFIHEE, 2015)F1K [ 1l
[X35 alIH##k(40.81-80.08 t-hm *)(ZEHE4E, 2015),
LR (61 a) 5 /M 21830 a[H HERR (29.2-42.6
t-hm ) (FKE, 20154, XTI L8 T
B IR TS FRILIX, B AR K 32 3 97 43 (k8 PR

3 1ig
3.1 FTAREREE

MRS A2 S2 M ARAR AR S R Gk i B I R R
(Pregitzer & Euskirchen, 2004), & [E G & i
X AR A 2 F 45 i A7 72 5 B ARS8 I Fo i =

Th i AR AL %5 (Zha er al., 2017b; JH 5 714,
2018)0 A 57 25 L I AR ] € 7 i X S MEAR AR S
RG R Bk s 57 6 5 MRS 1R 39 0 T 3 T
(p <0.05), 25 40F161 a AMEMR TR A E B it & 70 51 9
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(B BRI AE, 2004; fRFEINSE, 2004), HAHH
FIX AL T RN, HIEAAKGEAE, PR
4.9 C, AFIF ALK, %X A K
FEENG, A BB B RN, FRARE R A =
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#(van Huysen et al., 2016), Bl AMEMT A JZ B fif
B BRI 5T A B R, X S X L
bR b (R TF 70 25 B (0 B I 2, 2014)FH 2Bk
3.2 MT i EkiEE

25, 40561 al MMk 1R T Hhl ) 2 Bt 2 43
B A2.3 3.2H14.0 t-hm %, B AREE A1 02 T s
B T A= BB 38 ok kAR B AR, HE
ST S8 B B B RS 13 I S T R R BRI, X AT BE S
MPNARHE R 2%, 40 aFIMERR R IALBE (3R 1), Ak
NED SO RA N D, AR TR AR I R
(GFIEE, 2011), DRI g7 2 B s Bt A £ 48
IR ISP S T AR S . A ST TP BE AR
WAL A S B AT S TF R A R, B RS

5E 18 (Bradford & Kastendick, 2010; Zhu et al., 2017a),

AT R IR FE T b X ME AR T i ity 2 B AR %
(3G K 2 T e dA, 3K  [R DA i o AR 18 1) 384 A
Bt ity e R S, 5 B TE P P R 2 3G
(AR 1%, 2018).
3.3 TIEwkfiE=E

AR T8 45 SR 55 PR ot R R SR A A X AR
3 (0-100 cm)f fitt & A7 1E 235 52 (p < 0.05), 25,
40561 aI MR I8 E At &7 7l 963.2. 158.641
2332 thm?>, BEHEMRES RS K B E RN, LN
MELFE(Zhu et al., 2017b). AN[FEIBREE A REMK 135
JZ(0-100 cm) P & BRG] a 31.6 gkg ') >
40 a (15.9 g'kg ') > 25 a (7.6 g'kg ™), WA ML 1Y
T2 & TR < 0.05), Al X (3 HERKR IR 7T
SER(EEE S, 2015) ML, — J7 THI A2 KA B & AR
8 e B R AR IG5, 5 — T T A B A AR 1
B INTRA E B & B PEAR, T4 & i A IR T
A BRAR T X ISR R OR, IR R
T B E (A = 6%, 2019). FEIRAHLIX (3 MR R Gk
KT H AR X I L 45 R (FE 5 5, 2015; MITTH
&, 2015), EERH T XGRS, Rl
YER SRR RIS A MR R, TEIR KRR g
M 7 -4 Y R AR (AR, 2019); EAMZH X AE
ERRIRBAR, AR T REY R, T3 N
A B ZEE, A3 e s R AR AR
. 2018).
3.4 E£B5ERGHREERESE

AHIF 7t b PR [ R IR I X MR AR S R Gt
FBM25 aff177.4 thm B HNZ61 affi271.4 thm 2,

LSS PSSR AN FI RS AR 8 B S 2 BOASAE 849

B g fig B TR, X 5 /N s X A
(TR EEE, 2015) K B N AME 2 51 45 B b X AR AR 1T
FEE R (B BRI AR, 2004)F] — 3. ASHITF 7T A 5
A X 25, 40561 aFMERAETS R gl = I5R
A ST ARESHR N2, M B>, X
S5EPNAMFZER . WA SRR PR 7845 R A
=, WK BRI TR MR (BT RS, 2016)
AN AT H AT I FA R (S 345, 2016)55 . FEiR 1T
Hh DX A MEARAE 25 2R Gk it 2 3 B ol T 3By o DU R,
B G PRISIE K, 3Rk £ i LU S T i JE BRI, TR
KEHMEENESZ MR, LEEE &, AW THE
B 2 (i i 2 L B MRS TR 38 I T FARAE, EH 25 affd)
3.0%8 /0 £61 affi1.5%.
3.5 BMMEREVIREFE NS FEEKRE

AHIE TR I FE IR i Hb X A MEARTE A2 K 2R N A B
A A 7= 5 A ] e B B A PR R 1 184 i
HAE BB A25 affi1.0 thm 3 N6l aff2.1
t-hm 2, R T Al X (0 AR (GRS, 2015;
FEESE, 2016), XAt H T AR IX G ER S, F°F
BISIREAR, AR IR A= ) SRR
[ 777E IEMI 5<% & (Raich et al., 2006). AS[FAIRRES A
FHEMRAEL B 4 ] g B35 AR R J2 o = A A7 (72.2%—
95.2%), HATRAJE %28 H DA ok, FLRE A& AR
W4 1 B 5 TR K 2 LR R K, #1125 aff)
55.6%3EINAE61 aff170.0%. FEAZHEAZ §HAH
1 18 ] 2% A 77 77(4.5%—33.3%) FH A [H] ik B (4.8%—
27.8%) IR BT, A [FIMREE AMEMREA 2 5 AR
FEEY R ZERKR, SRR A 5 A
BRTTIREAE R E 2R, FIHEER X A
MERREG 14 W) 90 A6 7= 0 5 4 ] ik B ) 12 X 3 8 2H 5
ZREWEARZ SR AR Z N MR, 150 A8 BUE K
5 SRR E AR R BRI 2 o
3.6 THAEM

AR T B E FE IR XA [ AR S AR
ERRGTAKRE . W HEYE S LI E ki = &
AECRHE. DAUF R AT RE 2 AR T 45 vy ok — 8
A e P — 2 T AR SE I X3 T OR3P X A,
I TEEE AR A, DR A B ST AT T X I HE )
AR TR . AR AR IR A% 2% A [ — 4
AN AR KT RRIAT AR B A BT, XA
REERIER— WA T, AT 7R 23 H
RE BT 778, TRUE BT IE (A [R) MRS 1 MEAR ST 1
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