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Abstract

Aims Forests are the world’s largest carbon (C) pool and sink among the terrestrial ecosystems. The amount of
C in vegetation plays an important role in the global C cycle and balance. Our objectives were to assess C density
and sequestration capacity in seven typical forest types of the Xiaoxing’an Mountains, Heilongjiang Province,
China and to understand the implication of the C sink to the regional C budget and future forest C management.
Methods Field surveys were combined with laboratory analysis and allometric equations for obtaining data for a
variety of variables. Seven typical forest types in the Xiaoxing’an Mountains were studied based on age groups
and plant functional groups (trees, shrubs, herbaceous and litter), including Pinus koraiensis, Larix gmelinii, Pinus
sylvestris var. mongolica, Picea-Abies, Betula platyphylla, Quercus mongolica, and Populus davidiana forests.
Surveys were made on C density and annual carbon gains in trees, understory shrubs, herbaceous plants and litter
for each forest type. The forest stands were classified into age groups for estimating the biomass and C density of
the study area.

Important findings The C density of the seven forest types in different age groups varied widely. The C density
per unit area for young, middle-aged, near mature and mature forests of each forest type were as follows: 31.4,
74.7, 118.4 and 130.2 thm? in Pinus koraiensis; 28.9, 44.3, 74.2 and 113.3 thm *in L. gmelinii; 22.8, 52.0, 71.1
and 92.6 thm in Pinus sylvestris var. mongolica; 23.1, 44.1, 77.6 and 130.3 t-hm ™ in Picea-Abies; 18.8, 35.3,
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66.6 and 88.5 thm ~ in B. platyphylla; 25.0, 20.0, 47.4 and 68.9 t-hm * in Q. mongolica; and 19.8, 28.7, 43.7 and
76.6 thm in Populus davidiana forests, respectively. These results show that biomass C stocks in the Xiao-
xing’an Mountains play an important role in the C cycle and regional C balance. Different forest types and stands
of different age groups varied greatly in C stocks. Because most growth in the seven forest types occurs in the
young and middle-aged forest stands, these age groups are considered to have a great potential to increase the
biomass C density. This significant C sink will be further enhanced in the Xiaoxing’an Mountains with the devel-
opment and restoration designed to provide specific ecological services including C sequestration.

Key words forest stand biomass, carbon density, carbon sequestration capacity, annual carbon sequestration,
carbon sink management path, Xiaoxing’an Mountains
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Table 1 Category of age groups of seven main forest types in the Xiaoxing’an Mountains

I Forest type

Wd1k) 4 Age group

PN BRNCIIN bR 2 7N [PELYAN
Young forest (a) Middle forest (a) Premature forest (a) Mature forest (a)

ZIRABK Pinus koraiensis forest <60 61-100 101-120 120-160
M TEMFARR Larix gmelinii forest <40 41-80 81-100 101-140
#ETHAMK Pinus sylvestris var. mongolica forest <40 41-80 81-100 101-140
ZW IR Picea-Abies forest <60 61-100 101-120 120-160
FIHEM Betula platyphylla forest <30 31-50 51-60 61-80
% BBk Quercus mongolica forest <40 41-60 61-80 81-120
itk Populus davidiana forest <10 11-15 16-20 21-30
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Table 2 Values for fitting biomass regression equation Y = a (DZH)b and coefficient of determination for seven forest types in the Xiaoxing’an Mountains

PRI 4y a b v AL FEAEL
Forest type Component Coefficient of determination (R%) No. of samples (N)
LLRAMR T Trunk 0.046 65 0.902 37 0.97 30
Pinus korajensis forest ¥ Branch 0.031 23 0.612 48 0.99 30
0 Leaf 0.012 35 0.643 47 0.95 30
J Bark 0.029 57 0.564 89 0.90 30
#it Root 0.009 25 0.739 65 0.96 30
AR AR F Trunk 0.013 02 1.021 54 0.99 30
Larix gmelinii forest ¥ Branch 0.001 29 1.039 98 0.92 30
i Leaf 0.011 12 0.637 45 0.95 30
J¥ Bark 0.03127 0.61524 0.97 30
#i Root 0.041 25 0.684 51 0.99 30
(LR T Trunk 0.051 41 0.862 14 0.94 30
?O'rneus‘i sylvestris var. mongolica ., b e 0.014 63 0.724 58 0.97 30
0 Leaf 0.02124 0.52478 0.91 30
J Bark 0.057 81 0.442 87 0.92 30
#i? Root 0.026 31 0.686 56 0.95 30
PREZI F Trunk 0.32291 0.679 19 0.97 30
Picea-Abies forest ¥ Branch 0.022 57 0.635 64 0.90 30
i Leaf 0.004 18 0.82135 0.92 30
J Bark 0.02421 0.572 15 0.94 30
#it Root 0.011 54 0.81234 0.94 30
HHEpk T Trunk 0.01175 1.102 52 0.97 30
Betula platyphylla forest H Branch 0.010 24 0.805 47 0.97 30
i Leaf 0.013 47 0.649 47 0.90 30
J¥ Bark 0.024 69 0.631 01 0.92 30
i Root 0.048 87 0.632 46 0.96 30
EEEZRS T Trunk 0.01197 1.092 48 0.91 30
Quercus mongolica forest F Branch 0.008 45 0.894 18 0.90 30
i Leaf 0.006 24 0.828 54 0.91 30
J Bark 0.008 72 0.817 59 0.92 30
#i? Root 0.010 54 0.835 38 0.93 30
[IIE72 T Trunk 0.235 14 0.853 24 0.93 30
Populus davidiana forest # Branch 0.021 54 0.862 15 0.98 30
0 Leaf 0.009 79 0.856 14 0.96 30
J Bark 0.052 23 0.632 17 0.97 30
#i Root 0.125 87 0.558 74 0.98 30

F BRI E R FReidi. FIMultiN/C300043 BT N
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Table 3  Survey statistics on basic data for seven forest types in the Xiaoxing’an Mountains (mean + SD)
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PRI P25 A% g5 /N (1) 02 A MERR A LUz AR, P38 4
W RH = AAARIER21.54 cm. SUERTT =, AR A
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N R5.56 mo HUUES AR, 55.87 m, I
BRI EIHERR, 35501031 mo 75 B ARINS P 24
/AR SRR, CRT7.15 m, PR R RO
(RIS LLRARR, 15516.54 m, HERE TR, i53)
15.38 mo {EUT BRIP40 B /N LAk, X
h9.25 m, I SR LA AR, 15%21.62 m,

FLUIE DL LR, J17.59 mo 76K 71y
W%mdxﬁ@mm%%, HA10.76 m, “FIW mik

AL Forest type W4 Age group SRR S @S}k SEEH
Average forest age (a) Average diameter at breast height (cm)  Average tree height (m)

ARV 4 PR Young forest 2423 +221 11.94 + 1.34 9.95+0.97
Pinus koraiensis forest 1 uo kk Middle-aged forest 68.54+7.24 17.66 + 2.45 16.54 +3.74
UMK Near mature forest 109.19 +3.26 2048 +2.18 21.62 +5.86

FEHR Mature forest 123.50 + 12.34 21.31+5.67 22.46 + 4.59

DAL TR MR Young forest 21.66+1.78 9.46+1.15 9.44+0.91
Larbxgmelinii forest 1w Middle-aged forest 63.78 = 10.51 13.51+2.30 12.13 +3.48
JE MR Near mature forest 84.50 £2.96 17.12 + 6.47 17.59 +3.17

B bk Mature forest 135.47 +7.28 21.04+6.19 20.27 +5.89

FETAAM M Young forest 2548 +3.12 9.11+1.62 8.83+1.45
zigﬁgsosﬁ'é‘;e?gfs:’ ar sk Middle-aged forest 62.53 = 8.84 16.77+3.57 15.38+2.84
IR Near mature forest 89.18 £4.16 18.91 £3.66 17.01 £7.11

R Mature forest 122.45 £ 10.47 21.31£6.41 19.44 +6.97

PREE S 4 HR Young forest 29.60 £ 4.15 7.26 +1.01 9.77+1.22
Picea-Abies forest bk Middle-aged forest 68.00 = 6.74 11.89+ 134 13.03 + 142
UL EAM Near mature forest 111.97 +3.48 16.57 +3.59 16.02 +3.47

FEEHR Mature forest 135.46 + 15.42 21.54 £2.49 22.75+5.64

e MR Young forest 19.73 £3.15 9.55+1.32 10.31+1.46
E;t:slta playphylla tFES AR Middle-aged forest 42.93+5.85 11.63 + 2.64 13.59 + 3.69
JE MR Near mature forest 56.27 +1.42 14.99 + 4.59 15.03 +3.67

B bk Mature forest 74.81 + 3.00 16.29 +5.67 18.04 + 6.68

EJURITN 4 Young forest 23.87+4.25 7.53+0.98 5.87+0.89
:%l:ee;’fus mongolica g Middle-aged forest 48.00 + 3.33 11.30+1.28 7.15+0.78
IR Near mature forest 66.59 + 4.49 14.72 £ 1.94 12.38 £2.00

R Mature forest 101.42 £10.29 17.03 £2.37 13.43+2.79

Ak 4 HK Young forest 8.64+0.54 5.47+0.24 5.56+0.51
E)(;glsjtlus davidiana TS AR Middle-aged forest 13.75+0.48 6.79 +0.84 7.84 +0.36
UMK Near mature forest 19.53 £0.89 8.73+0.74 9.25+0.49

FEHR Mature forest 27.61 % 1.12 11.39 + 1.37 10.76 + 0.87
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5 N TR BYAS [ AL MR A3 A= 40 bk B 2R (G AR HE IR 22, %)
Table 5 Biomass carbon content in different stand age groups of seven forest types in Xiaoxing’an Mountains (mean + SD, %)
AR it FeARJZ Tree layer HEAZ R Y=
Forest type Age group T Trank §% Branch T Loar % Bark T Root Shrub layer Herll;e;,(;erous Litter layer
R YIHR Young forest 50.17+0.83 50.06+125 4857+122 49.76+1.08 50.01+080 50.05+127 4627+107 49.01 +129
Fk’g:‘;?ensis forest | THEHR Middle-aged forest 50.59% 110 S057£1.06 48.98+144 50274099 5014097 5024%128 45.11£102 4947107
VEBBK Near mature forest 5175+ 1.12 50.87+1.08 50244099 51.59+1.13 5047+1.03 50.96+1.05 46.25+1.08 50.45+0.97
bk Mature forest 51.87+1.01 50.74+1.04 5049+094 51.71+0.89 50.57+1.03 50.87+0.83 46.14+1.07 49.63+1.19
4 FK Young forest 52454100 51.78+1.02 48.76+1.13 50.89+125 50.67+121 49.87+1.15 46.18+094 50.33 + 1.41
SEHA b PR Middle-aged forest 53.62+1.22 51.98+1.03 48.58+1.01 50.99+1.01 51.44+0.98 49.99+0.75 46.49+0.90 49.98+ 1.12
l%oig:tgme“"" EHUBK Near mature forest  53.79+0.86 52.11+0.81 4927+1.05 5117093 5147+ 113 50.76+0.97 4727123 50.76 +0.93
BBk Mature forest 5381+0.61 5247+088 49.96+0.76 5137+1.07 52.00+0.82 5048+0.92 46494099 51.54+1.03
4h¥3Hk Young forest 49.18+1.06 48.68+0.89 48.11+1.06 49.11+091 49.87+0.89 50.10+0.74 46.00+0.97 45.59=0.91
f’ﬁmf bk Middle-aged forest 49.25+0.75 49.38+0.71 48.15£045 49.47+0.55 49.28+034 50.12+£0.68 46.85+0.96 45.57+0.71
v;?.u;?r/]gﬁitcr: JEBUBK Near mature forest 5037082 49874071 47584078 49.00+0.85 49.67+0.83 49.19+074 46.75+0.89 4679 +0.88
forest WREHR Mature forest 50.79£0.85 4924073 4857087 49.18=0.69 49.29+0.77 49.00+120 47.57=0.74 4647 +0.88
LMK Young forest 51374090 5144060 4949+106 50.70£093 5121087 50.04+0.83 46.17+0.73 50.17 +0.76
PRLT VN th# bk Middle-aged forest 51.74+0.91 5163098 49.75+0.96 50.78+£0.93 51.75+£0.95 50.25+0.72 47.57+0.71 50.57%0.90
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3k Mature forest 46.54+0.83 4627+0.55 45.09+0.58 4580+0.70 4524+0.57 45.63+044 44.85+085 44.97+0.55
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Fig. 1 Annual biomass carbon sequestration in different stand age groups of seven forest types in the Xiaoxing’an Mountains
(t-hm’z). A, Pinus koraiensis forests; B, Larix gmelinii forest; C, Pinus sylvestris var. mongolica forest; D, Picea-Abies forest; E, Be-
tula platyphylla forest; F, Quercus mongolica forest ; G, Populus davidiana forest.
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