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Abstract

Aims  Sparse Ulmus pumila forest is an intrazonal vegetation in Ongin Daga Sandy Land, while Populus simonii
has been widely planted for windbreak and sand dune stabilization in the same region. Our objective was to com-
pare the differences in carbon (C) density of these two forests and their relationships with stand age.

Methods We measured the C content of tree organs (leaf, twig, stem, and root), herb layers (above ground vege-
tation and below ground root) and soil layers (up to 100 cm) in sparse Ulmus pumila forests and Populus simonii
plantations of different stand ages, and then computed C density and their proportions in total ecosystem carbon
density. In addition, we illustrated the variation in carbon density-stand age relationship for tree layer, soil layer
and whole ecosystem. We finally estimated the C sequestration rates for these two forests by the space-for-time
substitution approach.

Important findings The average C contents of tree layer and soil layer for sparse Ulmus pumila forests were
lower than those for Populus simonii plantations. The total C density of sparse Ulmus pumila forests was half of
that of Populus simonii plantations. The carbon density of soil and tree layers accounted for more than 98% of eco-
system C density in the two forests. Irrespective of forest type, the C density ratios of soil to vegetation decreased
with stand age. This ratio was 1.66 for sparse Ulmus pumila forests and 1.87 for Populus simonii plantations when
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they were over-matured. The C density of tree layer, soil layer, and total ecosystem in both forests increased along
forest development. There were significantly positive correlations between tree layer’s C density and stand age in
both forests and between the total ecosystem C density of sparse Ulmus pumila forests and stand age. The C se-
questration rate of tree layer was 5-fold higher in Populus simonii plantation than in sparse Ulmus pumila forest. The
ecosystem-level C sequestration rate was 0.81 Mg C-hm™2-a™ for sparse Ulmus pumila forest and 5.35 Mg
C-hm™-a™ for Populus simonii plantation. These findings have implications for C stock estimation of sandy land
forest ecosystems and policy-making of ecological restoration and C sink enhancement in the studied area.

Key words carbon content; carbon density; carbon sequestration rate; Populus simonii plantation; sparse Ulmus
pumila forest; stand age
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Table 1 The characteristics of tree layer of sparse Ulmus pumila forests and Populus simonii plantations (mean + SE)

FEHAL B Bzt e [V WA F Az SEIB TR 1%
Plot location Type Standage  Stand age group?  Code of stand age ~ Mean DBH (cm) Mean tree height (ind.-hm)
@) group (m) Mean density of trees
EZ [ N R 9 4k P-1 7.66 +0.15 5.22+0.10 746 + 51
Duolun Populus simonii Young forest
plantation 18 i 77N p-2 13.05+0.18 10.09 £ 0.14 616 + 62
Nearly-mature forest
30 R R P-3 14.33£0.18 11.36 + 0.09 661 + 67
Mature forest
49 SUR 7N P-4 27.52£0.81 21.02 £0.43 488 + 63
Over-mature forest
FEIL BRI MR AR 15 FATEZ N E-1 6.81+0.22 2.93+0.34 367 22
Xiwuzhumugin  Sparse Ulmus Young forest
pumila forest 33 Ak E-2 12.79+0.21 3.88+0.08 402 + 56
Middle-age forest
48 bl V7N E-3 19.83 £0.35 6.83+0.10 506 + 23
Nearly-mature forest
90 SUR 7N E-4 24.76 £ 1.11 7.90+ 0.24 206 + 23

Over-mature forest

1) B # % 8(2005) %73

1) Stand age group is adopted from Xiao (2005). DBH, diameter at breast height.
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0.2 mmifiiio TIEA UK BEERFRER- 7ML e (-
H, 2000), H#Y)4txHITER 2 (Vario MAX CN
Elemental Analyzer, Elementar, Hanau, Germany)Jll 5 .
13 HEBEMRE
131 FFARMERKRZE

FRYEHA (ZEWI, 2006) 1747 (Z [FINI, 2007)
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132 TIEHREE

RAE L\ ML & &, 20 H &2
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B, AHIN530-100 cmtIERR S .

Dsoci = Bi x hi x C; x 107
X1, Dsoci N2 1885 % i (kg-m™2), BiN 2+
HE75 5 (g-om™), hoy R BE(em), Co - LB
B (g-kg ™o
1.3.3 [EiEE

PR T A2 5 5 P A A 75 R G B T 5 by
MIEERR, THESRITEARZE AR RGO .
1.4 ¥IESH

18 HISPSS 16.03E AT REM AR SE i1 70 M, P [A]

K2 MRATNHA I R A KO R (2RI, 2006; #EIFIFI, 2007)
Table 2 The allometric equations for estimating Ulmus pumila and Popu-
lus simonii tree biomass (Li, 2006; Zha, 2007)

#4H Organ Kk Ulmus pumila  /NH4% Populus simonii
M Leaf W=0.033 x DY"*' W =0.63 x (D*H)*

K Twig W =0.0303 x D*** W =1.2 x (D?H)***

T Stem W =0.0146 x D% W =23.11 x (D°H)"**
. Root W =0.0146 x D*%® W = 4.02 x (D°H)*®

D, Mtz (cm); H, #w(m); W, E¥E(g).
D, diameter at breast height (cm); H, tree height (m); W, biomass (g).
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HhRAEIRZE) . A FRKE FRER SR BARAN 7 38 B Tk 2
BEREE@D < 0.05); ARIK/NGFRERNH N THA
[l o B TRV R &5 B 22 57 . (p < 0.05). * R iiFh A5 RG]
RS R ZE R (ns, p > 0.05; *, p < 0.05; **, p < 0.01).
Fig. 1 Carbon content of different tree organs of sparse Ulmus
pumila forests and Populus simonii plantations (mean + SE).
Different capital letters indicate significant differences in the
organ carbon content of sparse Ulmus pumila forests (p < 0.05).
Different lowercase letters indicate significant differences in the
organ carbon content of Populus simonii plantations (p < 0.05).
Asterisks indicate significant differences between the carbon
content of same organ in sparse Ulmus pumila forests and Po-
pulus simonii plantations (ns, not significant, p > 0.05; *, p <
0.05; **, p < 0.01).
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B OIS, FIE) (BI5A), IR R p %15
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Fig. 2 The variation of soil carbon content with stand age and soil depth for sparse Ulmus pumila forests (A) and Populus simonii
plantations (B) (mean + SE). Different capital letters indicate significant differences in soil carbon content among stand ages (p <
0.05). Different lowercase letters indicate significant differences in soil carbon content among soil depths (p < 0.05). For explanation
of the legend symbols, see Table 1 (code of stand age group).
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Fig. 3 Carbon density of ecosystem and its component (herb layer, tree layer and soil layer) carbon density and their proportion for
sparse Ulmus pumila forests (A, C) and Populus simonii plantations (B, D) (mean * SE). *, p < 0.05; **, p < 0.01; ***, p < 0.001. For
explanation of the legend symbols, see Table 1 (code of stand age group).
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The carbon density ratios of soil : vegetation

%_/V_LU

P-1/E-1 P-2/E-2 P-3/E-3 P-4/E-4
% %1 Stand age group

El4 b bk (@) F1 /N4 N TAR(YV) L3582 5= R
% LUAB AR AR AL o BEARFRACAD 1 B I 2R 1 e AR
Fig. 4 \Variation of the carbon density ratios of soil to vegeta-
tion with stand age of sparse Ulmus pumila forests (@) and
Populus simonii plantations (V). For explanation of the sym-
bols in x-axis, see Table 1 (code of stand age group).
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Fig. 5 The relationship between the carbon density and stand
age for sparse Ulmus pumila forests (O) and Populus simonii
plantations (A) (mean + SE).
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