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Abstract: [ Objective] The carbon storage and density patterns at the Heilongshan forest farm ecosystem were
quantify analyzed, and effective carbon sequestration enhancement strategies were put forward, to provide critical
data for assessing regional forest carbon sink potential. [ Methods] Based on field investigations and laboratory
analysis, combined with biomass models of trees and forest resource data and using GIS technology, the
distribution characteristics of carbon storage and carbon density of main forest types at Heilongshan forest farm

were studied and pathways for increasing carbon sequestration were proposed. [Results] D The total carbon
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storage and average carbon density of the forest ecosystem was 1.87X10°t and 173.57 t/hm®, respectively. The
average carbon density was in the following order: soil layer > tree and shrub layer > humus layer > litter
layer > understory shrub layer = understory herbaceous layer. The allocation characteristics of carbon storage
were consistent with carbon density. Soil carbon storage was the highest, accounting for 66.30% of the total carbon
storage. @ The total carbon storage and carbon density of the arbor forests were 5.44X10° t and 56.72 t/hm?,
respectively. Betula platyphylla and Ulmus pumila forests were the major sources of carbon storage in the arbor
forests, accounting for 84.36% of the arbor forests carbon storage. They are mainly composed of middle-aged and
young forests with great potential for carbon sequestration. @ Altitude, slope, and aspect regulated the spatial
distribution of factors, such as water and heat, soil, and human interference, which had a significant impact on the
spatial allocation of forest ecosystem carbon storage and carbon density. [ Conclusion] In the future, the forests of
Heilongshan forest farm have great carbon sequestration capacity and potential. Strengthening forest nurturing,

preventing fires, controlling forest pests and diseases, protecting forest soil and other measures to improve forest

quality and reduce carbon emissions are effective ways to increase forest sinks in Heilongshan forest farm.
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Fig.1 Elevation and survey sample distribution at
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Heilongshan forest farm
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Fig.2 Distribution of advantageous tree species at

Heilongshan forest farm
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Table 1 Basic characters of main forest stands at Heilongshan forest farm

P T A /hm? W/ (Bk-hm ™) FEHMafs/om FHME/m S A AL %
HERS (T HE R AE) 5490.77 450~2 310 15.42 7.17 51.04
R (LA A 2 600.94 270~1 905 7.54 6.83 24.18
LA 890.24 660~2 610 14.91 7.67 8.28
i 194.83 855~2 970 11.35 6.43 1.81
A5 17 25 (oK iTagn A% B ARk L o i R 45 ) 118.03 850~2 280 7.29 4.36 1.10
B3 57.17 870~1 890 13.54 6.44 0.53
H A 87.07 1 005~1 245 9.9 5.01 0.81
HIEVN 3.28 652~759 25 9 0.03
B2 R M 45 ) 5.63 700~975 6.9 4.9 0.05
I ] VR 28 K 114.87 1005~2 325 16.49 6.41 1.07
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Table 2 Biomass model of individual trees in main studied forest stands
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F AR W, =1.939 4D"54% [18]
FA W =100 125500 /1 000+ 0.256 (1090255710 /1 000) [19]
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Fig.3 Carbon storage and carbon density of different
forest ages at Heilongshan forest farm
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Table 3 Carbon storage and carbon density of main forest
stands at Heilongshan forest farm
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Table 4 Carbon density and storage of understory shrubs, herbs, litter and humus layer at Heilongshan forest farm

O 5 TR /hm? Fﬁ%%ﬂ% H$E%%§/ @%%E%%@ %%EE@?E/ Sk At 1t/
B/ (tehm™?) (tehm ?%) W/ (tehm™?) (t*hm?) t
) 5490.77 1.46+3.16 0.14+0.17 1.7741.04 5.93+7.86 51 064.16
T 2 600.94 1.10£1.03 0.2740.19 1.08+1.15 3.04+2.21 14 279.16
FARIN 890.24 1.06+1.25 0.1940.15 2.8942.18 4.53+4.18 7718.38
i # 194.83 2.12+2.36 0.07+0.05 1.0541.01 3.35+2.80 1283.93
TES 118.03 1.03+£1.96 0.1440.18 1.40+1.21 4.06+3.90 782.54
B 57.17 1.54-+1.38 0.1040.11 1.51+1.32 4.00+5.24 408.77
FH AW 87.07 1.37+£1.28 0.2140.14 1.4641.01 2.55+2.86 486.72
RIS 3.28 1.0540.97 0.1740.16 2.534+2.91 4.51+3.80 27.12
LGRS 5.63 1.354+1.43 0.060.03 1.15+1.27 3.48+2.43 34.00
I 78 VR 52 K 114.87 1.3341.68 0.19+0.12 1.584+2.21 4.25+2.23 844.30
Ii@] TR 32 Ak 25.04 1.414+2.21 0.1740.14 1.36£1.14 5.05+3.67 200.07
T2 bR 1170.28 0.8740.72 0.2940.18 0.624-0.44 1.934+1.41 4341.74
& it 10 758.15 1.31+0.33 0.29+0.17 2.8941.53 5.93+3.89 81 470.87
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Table 5 Organic carbon content and carbon density in soil layers of different forest stands at Heilongshan forest farm
s BRI R/ (gkg ") HEWHE/(t+hm™) ﬁ&%yg/ﬁﬁ/
0—10 cm 10—20 cm 20—30 cm 30—50cm  0—10cm 10—20cm 20—30em 30—50cm  (t+hm™®)
HE Y 68.8+17.28"  50.2+12.62° 35.15+6.75" 18.8244.13¢ 43.34 38.01 31.38 25.98 138.71
i A 50.3413.02°  33.654+7.71°  22.3943.93°  12.31+2.86° 36.44 30.44 20.27 17.57 104.72
FANIN 39.30+15.96° 30.05+13.68" 21.33+7.89° 15.73+5.84 30.20 28.21 18.11 15.09 91.61
i # 67.16+18.03" 49.24+10.99° 34.24+10.14" 14.71+£2.72° 49.92 39.69 29.55 24.02 143.18
T 7 2 32.53+£13.76" 19.524£10.71" 15.86+£8.82°  7.9942.25 23.56 29.45 13.90 13.33 80.24
5 Bk 32.864+10.72" 19.18£6.67"  14.34£5.97"  9.22+2.26" 28.05 18.18 14.54 11.60 72.37
TR 32.71+£13.05" 17.96+£7.28" 16.53+£5.97°  7.884+1.74 25.54 19.13 16.65 14.98 76.3
i 45.0+7.52"  27.77+8.62°  14.85+4.26° 10.04+3.41° 34.45 22.49 12.92 11.86 81.72
QRS 49.104£9.80°  24.034+6.66° 13.39£2.03"  8.90£1.60 40.61 23.77 12.34 11.47 88.19
IR AR 44144897 26.684+6.07°  18.934+2.13"  10.21+1.94° 33.73 20.87 16.18 13.52 84.3
BRI AR 49.23+£3.78°  32.81+3.53"  18.96+2.66°  9.81+1.42" 37.75 26.41 16.54 9.04 89.74
TE L bR 28.76+£8.99°  17.04+511* 10.06+=1.15*  7.4640.93" 21.06 13.70 9.27 8.59 52.62
it 44.994+13.04  29.014+11.20 19.67+7.81  11.0943.58 33.72 25.86 17.63 14.75 115.07

TE « 3R P 5B 3R A 1R S R ¥ T 9 LU, 7 RS TR) 3R 28 53 35 (p<<0.05)
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S P B 173.57 t/hm?(K 6D, 12 6 1] 2401, Bk fil
8o LR AE K/ O - 362 (66.30 %) > v HE Ak
(29.34% , i 7R A 5 29.13% , BE 2% 5 0.21 %) > i 5
i 2 (2.62%) > i 5 ¥ )2 (0.89%) = M N ¥E K JZ
0.74Y D >MRTFBA R 0.11%) . 555 BE 43 B 4R 1E K
/N HE)RE (115.07 t/hm®) > 75 #E )2 (50.92 t/hm?®)
= Ji AE R 2 (4.55 t/hm®) > 5% 91 2 (1.55 t/hm*) >

AR A2 (1.28 t/hm®) > Hh F B A2 (0.19 t/hm?) .
AN T] R 43 28 A0 2R 25 2R G5 - 49 ik % T HE R PR B R
210.41 t/hm”, #E 24 MR85 /N4 59.76 t/hm”, H K /NI
HHERS >R > R TR RS AR > IR A AR > 5
NI TR 7R R = v e 0= Y g |
H >R SRELMR(FR6) . BN RIS A S &
Gehfit i 5 kR E 22 R KRR, 55 5k £
HEJR B RO EAL MRS R R S R )
K
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Table 6 Carbon storage allocation and average carbon density in different forest types at Heilongshan forest farm

A 2 mﬁ}i/ e/ WREA  WHEA  WHEWZE/  JBMEZE/ 1 HEE W%*EPZ/

hm t 2/t =/t t t /1 (t+hm?)
) 5490.77 342 624.05 8016.52 768.71 9718.66  32560.27 761 624.71 210.41
i A4 2600.94 116 157.98 2861.03 702.25 2 809.02 7 906.86 272 370.44 154.87
FLARN 890.24 59 583.76 943.65 169.15 2572.79 4032.79 81 554.89 167.21
1 194.83 3329.64 413.04 13.64 204.57 652.68 27 895.76 166.86
i 78 28 118.03 1816.48 121.57 16.52 165.24 479.20 9470.73 102.26
B 57.17 4121.96 88.04 5.72 86.33 228.68 4137.39 151.62
H AW 87.07 3497.60 119.29 18.28 127.12 222.03 6 643.44 122.06
AR 3.28 377.86 3.47 0.56 8.30 14.79 268.04 205.19
EdiEs 5.63 67.84 7.60 0.34 6.47 19.59 496.51 106.28
I 78 i 22 AR 114.87 10 080.99 152.78 21.83 181.49 488.20 9 683.54 179.41
Iia] PtV 5 Ak 25.04 2172.97 35.31 4.26 34.05 126.45 2 247.09 184.51
T 2 bR 1170.28 4014.06 1018.14 339.38 725.57 2 258.64 61 580.13 59.76
& it 10 758.15 547 845.19 13780.44  2060.64  16639.61  48990.18 1237 972.67 173.57
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BIp R BN AE S R Gt E R ERA
W 5P O AR RS LR (IR 4D . BT IR T AR AR AR
F G At i S B kA, B4R 1 600~1 800 m Ak
S2E | B 5y (T =R O S IR 8 2 e sl 3 o € B
4K 1 400~2 000 m, (5 BBk At & 19 91.23% . ARARZE
ARG % B A AR 2 AL 22 50 9 OR 4y B B
TR T R ECR BN B FE MR 1 800~2 000 m
fe /v, b 170.25 t/hm”, T J5 2 85 B, 7 R
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Fig.4 Carbon storage and carbon density at different
altitude gradients of Heilongshan forest farm
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Fig.5 Carbon storage and carbon density at different
slopes of Heilongshan forest farm

P LR B R TS R GOk B R 2 B
] 5 urmjjﬁﬂ B CIE 6D o 2 B Ik e i o e K, o BV
fits 1 19 30.98% , Hk B B, 5 27.21%, 2 BH B N
24.15% , FRYE 5 17.43% , 1 P 3% Fe /N AN A7 0.22% .
BFI3E 20 BA 30 s i ik P 300 v B B0 e PRI T Al 235
PLSE3 5 K (200.17 t/hm?) , B3 B /N(131.24 t/hm®) .
B3 (199.95 t/hm?) 2 [ 3 (192.30 t/hm*) ik % Ji [7]
FE B 5 v T BHYE L F P 3% (166.58 t/hm™) .

3 Vw8
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B IR R S R GRS B 1.87 X 10° ¢,

SRR B E R 173.57 t/hm* R TR E KA SRS
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Fig.6 Carbon storage and carbon density facing different
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slope directions of Heilongshan forest farm
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