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Soil carbon storage and flux of temperate forest ecosystens in northeastern
China

YANG Jin-Yan, WANG Chuan-Kuan* (Ecology Program, N ortheast Forestry U niversity, H arbin 150040, China). Acta
Ecologica Sinica, 2005, 25(11): 2875 2882

Abstract: Soil carbon, a key component of ecosystam carbon budgets, is the largest carbon pool of forest ecosystans in high
latitude regions Temperate forestsoccupy a large area in northeastern Chinaw here effects of projected clmaticwam ing on
terrestrial ecosystan s are significant How ever, fev dataon il carbon budgets are available for these forests In thispaper,

w e studied the il carbon dynamics of six representative types of tanperate secondary forest ecosystan s in northeast China,

w hich were oak forest dominated by Quercus mongolica, poplar-birch forest dominated by Populous davidiana and B etula
platyphylla, mixed forest without dominant tree fecies, hardvood forest dominated by Fraxinus mandshurica, Juglans
mandshurica, and Phellodendron amurense, Korean pine plantation dominated by Pinus koraiensis, and Dahurian larch
plantation dominated by L arix gmelinii. Our $ecific objectiveswere to (1) quantify il organic carbon (SOC) contents and
turnover time for the six forest ecosystans, and (2) compare the annual flux of il surface CO2flux (Rs) for the ecosystems,
and (3) establish quantitative relationship betw een Rs and SOC. The experimental design included six forest ecosystam types,
three random replicate plots each ecosystem type In each plot, we dug three il pitsand measured SOC content and density.

W emeasured Rsw ith aL 1-6400 infrared gas analyzer, and partitioned autotrophic and heterotrophic regiration in the Rs using

a trenched-plot gpproach The SOC oontent for the broadleaved secondary forests and coniferousplantationsw as 52. 63 66. 29
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g- kg 'and 42.15 49.15g- kg ', regectively; themean SOC densitywas 15.57 and 17. 16 kg- m™ %, repectively; and the
mean SOC turnover timew as 32 and 48 years, regpectively. TheRs for themixed stand, hardvood stand, poplar-birch stand,
M ongolian oak stand, Korean pine plantation, and Dahurian larch plantationwas951g- m™ % a ', 892g- m % a ', 812¢
-m % a' 678g- m?% at 59%¢g- m? al’ and451g- m > a ', repectively. TheRs and its components (il
autotrophic and heterotrophic regiration) were positively correlated to SOC content, and the significance level of the
oorrelation depended on il horizons (R*= 0.747 0.933). The SOC content decreased w ith il depth in a Pecific forest
ecosystam, w hereas the SOC density and turnover time increased w ith il depth The large atial variation in SOC and Rs
among forest ecosysten s and il profile horizonsw ithin a ecific ecosystam suggested that measurementsof forest il carbon
storage and flux using standardized approaches be critical for reducing uncertainties in regional-scale carbon budget studies

Key words il organic carbon; il regiration; turnover time, temperate forest
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Table 1 Site character isticsand vegetation canposition of the ssmpled plots
V egetation
composition
E DBH Stand densit
cosystem type Stand Siope A pect _|2y ( )
age (a) (am) (tree: hm™?) Overstory
) . U nderstory
(Dominant pecies)
Quercusmongolica f orest 56 23° South 21 4 2495 (1) 23456 78910
P | idianaB etul 789 12 10 13
opulus davidiana® etula 55 16° Southwest  8.42 2817 (6) (5) 114 3 2
platyphylla forest 14
Hardwood forest 52 7° North 12.8 2300 43211 7913 15 16 17
M ixed forest 61 15° Southw est 11.2 2816 2114356 79 15 13 18 19
15 22 16 10 9
L arix gmelinii plantation 46 2° Southw est 15.1 1823 (20) 3 21 7 23
P inus koraiensis plantation 51 12° N orthw est 12.0 3145 (24) 6 3255116 9 19
1. Quercusmongolica 2. Tilia anurensis 3. Fraxinusmandshurica 4. Phellodendron amurense 5. Poulus
davidiana 6. Betula platyphylla 7. Syringa amurensis 8. A cer mono 9. U Imus propinqua 10. Rhamnus

davuricus 11. Juglansmandshurica 12. Sambucus buergeriana 13. Corylus hetergphylla 14.

15. Padus asiatica 16. L onicera prae lorens 17. Evonymus sacrosancta 18.

ussuriensis 20. L arix gmelinii 21. A cer ginnala 22. L epedeza bicolor 23.

koraiensis 25. B etula costata

Viburnum sargenti 19.

M alus pallasiana 24.

K alonymusmacrao tera

Pyrus

Pinus

22 CO>
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0C (F = 11.01, p < 0.001, N = 54) Sele (Ao F = 5.45,
p< 0.001, N = 54A:F=21.19, p< 0.001, N = 54B:F = 6.79, p< 0.001, N = 54) ( 2
OC , 33. 62% C 52.63 66.29
g kg ', ; DC 42.15 49.15g- kg !
0C AoA B 0C (113.47 g kg Y (74.62 g- kg V)
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DC 67.60%  36.96%; B DC , (28.63g- kg M,
33. 26%
38.44 46. 56an )
0.73 1.05g- an ® ,0C , :
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Table 2 Camparison of soil bulk density and soil organic carbon (SOC) content for the six forest ecosystan s
Soil property
Ecosysten type Bulk C
Horizon  Sample size Depth (an) density (g- an” %)  content(g- kg Y
P inus koraiensis plantation Ao 9 5.89+ 1.88 0.61+ 0.15 70.91+ 16.55
A 9 11.89+ 2.76 0.96+ 0.10 49.41+ 5. 30
B 9 24.33+ 7.45 1.22+ 0.13 27.11+ 6.53
L arix gmelinii plantation Ao 9 4.11+ 1.60 0.87+ 0.45 51. 05+ 12.28
A 9 14. 22+ 8. 47 1.10+ 0.05 40. 84+ 9. 32
AB 1 12.00 1.14 41. 58
B 9 23.28+ 15.68 1. 20+ 0.09 34. 46+ 8. 96
Quercusmongolica forest Ao 9 4.00% 1.00 0.36% 0.14 88. 66+ 17.75
A 9 7.78% 4.29 0.73+ 0.31 55.62+ 12.25
AB 3 9.67+ 0.58 1. 04+ 0.09 31.79+ 7.24
B 9 28.44% 13.99  1.27+ 0.12 18.21* 7.72
Hardwood forest AO 9 11.56+ 3. 71 0.51+ 0.14 113. 47+ 10.59
A 9 15.11% 7.66  0.79+ 0.14 63. 79+ 19.60
B 9 19.89+ 7. 74 1.25+ 0.25 28.63+ 12.87
Populus davidiana- B etula platyphylla forest Ao 9 5.00+ 4.18 0. 43+ 0. 08 101. 20+ 16.25
A 9 7.89%+ 2.71 0.68+ 0.21 53. 20+ 20. 88
B 9 25.56+ 11.64 1. 10+ 0.09 14. 94+ 4.98
M ixed forest Ao 9 6. 56+ 3.00 0.51+ 0. 34 105. 51+ 17.44
A 9 9.78+ 3.27 0.92+ 0.48 74. 62+ 16. 66
AB 1 10. 00 0.89 44. 46
B 9 21.33+ 8.23 1. 60+ 0.60 20.41+ 7.41
+ The values in the table are given asM ean £ D
3.2
DC (F= 3.22, p= 0.014, N = 54), 9.37 22.01
kg m 2( 1) : DC (9.-37kg- m™ 9, (22.01 kg m™ ?)
0C 15.57 17.16kg- m" 2 Ao 90C (F= 8.52, p< 0.001,

N=54), A(F =134 p>0.05N=54 B (F=211, p>0.05 N=54)30C Ao A



11 : 2879

AB B 0C 1.29 6.80kg- m %3.05 804kg- m?3.25 569kg- m?4.15 9.46
kg m? 0C Ao A ,AB B
AB , , 0C )
3.3 CO2 &
E 40 mAa0 OA @mAB §B
Rs é"
Rs (0(: 0. 05) s -‘g 30
50.10% (833vs 524¢C- m % a ) ( 2) -
[=3
Rs 951g- m 2 &t Ei
892gm” %a 1, 812g- m 2 al, 678g- m 2 3
10
al, 506g- m > a 451g- m 2 &'l )
2.11 - .
3.4 Rs H HS LS MGL YK YH ZM
5 Re) Rw) 4 & R4 Ecosystems
Rs Ru
(Ra) Ao A OC ) 1
( 3 'Rs Ao SOC Fig 1 Comparioon of the =il carbon density for six forest
(R?= 0.933) Ri ,Rs Ra Ao 9S0OC ecosystems
A HSLYSMGA& YK YH M
3.5
DC ; The ioonsof HSLYSMGL YK YH and 2M
32a  48a AB DC represent Pinus koraiensis plantation, L arix gmelinii plantation,
( 24 Quercus mongolica forest, Hardvood forest, Pgulus davidiana-
DC Ao A AB B DC Betula platyphylla forest, and M ixed forest, regectively; The
0
7a(3 153): 13a(7 19): 5a(7 17a) 17a(9 error bars stand for the standard deviation of total il carbon
a a) ; ; Da a a
density; the same below
28a) OC Ao
DC , A B 1200
oC ' _. 1000 - _
« =
E 800 =
4.1 o)
on
< 600
R
]
, | 400 |
&l_
C =200
OC 42.15 66.29
0 1 I 1 1 1 1
g kgt o, DC HS LS MGL YK YH ZM
0C H:ZZ 45 Ecosystems
[8 10]
2 CO2
( ) Fig 2 The annual il surface CO2 flux (Rs) for the six forest
oC ecosystan s
0C (201 0C
[21]
0C 0C 15.57 kg m ? 17.16
kg m 2, (10.03 21.27kg- m 3 * ™ , DC ,

(D ( ) (



25

2880
1000 - Rs=7.767SOCno + 42.963 550 - . 350 - Ra=3.98580C0-130.602
000 || R*=0.933p-0.002" Ry =2.60380C, o+ 212.223 300 | R2=0919p=0.003 ¢
. 500 - R2=0.783 p=0.019
800 |- .
aso0 | . 250
700 _ 200 |-
. 600 |- ;@400 i F o150 |-
= g
»; 500 |- %350 o S 100 -
S 400 1 3300 . s s & 50 '
& 40 60 80 100 120 F 40 60 80 100 120 &5 40 60 80 100 120
& i AOELBEHURE L SOCh (g/ke) g
g 1100 - Rs=14.936S0C, - 110.003 ﬁsoo - Rg=5.569S0C, + 129.317 ¥ 400 [ Rp=7.22850C, - 184.661
:EE‘ 1000 R%2=0.852 p =0.009 = 550 R2=0.885 p=0.005 = 350 R2=0.747 p = 0.025
| S & I .
900 i 500 - & 300
800 [ o a 250 |-
450
700 200 |
600 (- 400 |- 150 |-
500 |- 350 | . 100 |- J
400 1. 1 1 1 | 300 1 1 1 1 1 50 1 | | 1 |
30 40 50 60 70 80 30 40 50 60 70 80 30 40 50 60 70 80
A A HURE & SOC, (g/kg)
3 (00) CO2 (Rs) (RH) Ra)
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