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Abstract Terrestrial ecosystems are playing important roles in the global carbon cycling. However, the information is still limited with
regard to the semiarid sandland, comparing with the thorough studies on forest and grassland. The biomass carbon storage, Net Primary
Production (NPP), and Rain Use Efficiency (RUE) of Hunshandake Sandland, a semiarid sandy region in Inner Mongolia covered with
vegetation of Siberian elm (Ulmus pumila L.) sparse forest grassland, were estimated. Six main habitats, i.e. fixed dunes, semi-fixed
dunes, shifting dunes, lowland, willow scrub, and wetland, were compared with each other to analyze the patterns of carbon storage and
NPP distribution. The average biomass (21.30Mg-hm™) and NPP (11.06Mg-hm-a™") of the sparse forest grassland are 90% and 59%
higher than the mean level for the surrounding temperate grassland, respectively. Governed by the same climate, the RUE for sparse
forest grassland ecosystem is almost twice than that for surrounding grassland. The ratio of below to above ground biomass is 2.9 in the
sandland, the fact indicates that most of the vegetation carbon are stored in a below ground pool. Although trees are functionally critical
for maintaining the integrity of sparse forest grassland, they only account for 10% and 1.3% of the biomass and NPP, respectively. The
sparse forest grassland in Hunshandake Sandland should be recognized as a temperate savanna ecosystem which is distinctively different
from typical temperate grassland in the same region indicated by the higher NPP and vegetation carbon storage. Well designed
management and restoration efforts could potentially realize ecosystem services in both forage production and carbon sequestration.
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Table 1 Regression coefficients in the equations for
different biomass components

94y b+S.E. Ina=S.E. Ry,  SEE CF
2% 2.588+0.129 -4.221+0405 0.978™ 0.183 1.017
K 2.32040.096 -3.456:0299 0.985" 0.135 1.009
M 1.760£0.119 -3.532+0374 0.960* 0.169 1.014
AR 2.861+0.131 -4.152+0410 0981 0.185 1.017
MR 2.662+0.294  -7.154+0.921 0.900™ 0.416 1.090

. S.E. AAFERE R AN I FE 54, SEE A AR TR £
CF A& ER F, *** % P<0.001,

Notes: S.E. stands for standard error; R%; stands for adjusted multiple
coefficient of determination; SEE stands for standard error of estimate; CF

stands for correction factor; *** stands for P<0.001.
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Table 2 Attributes of the six habitats in elm sparse forest grassland of Hunshandake Sandland
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Table 3 Biomass by compartments for every habitat of Hunshandake Sandland (unit: Mg-hm)

2 455 BEVDHL  CERECEH WBhibi T A I H LIREWN -1
e ARAY) 248 0.44 0.27 0.14 — — 0.88
o BHSSY WEARAEYE — — — — — 15.79 0.95
AR Y& 2.28 1.17 0.26 5.22 13.12 453 3.61
I AR Ay i 3.56 0.61 0.39 0.21 — — 1.26
RS 4 HEAR A=) & — — — — — 8.8 0.53
R A ) i 346 0.89 0.09 25.3 53.68 16.4 14.07
R /4 b A i 1.47 0.93 0.91 4.76 4.09 1.24 2.92
TrIREIFL A ) & 53 1L 51/—/49 34/—/66 65/—/35 1/—/99 —/—/100 —/54/46 10/7/83
Bk 11.78 3.11 1.01 30.87 66.8 45.52 21.30
(16.59) (2.04) (0.19) (65.22) (3.14) (12.82)
EAET PR FATEAR AN TAEAL AN T TG 5 A,
Note: Numbers in parentheses show the percentile contribution of each habitat biomass to the total biomass.
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Fig. 1 Small (2mm<d<5mm) and fine tree root
(d=2mm) mass densities in the soil above

1m depth near the tree stem bases (n=10)
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Table 4 NPP based on the compartments for every habitat of Hunshandake Sandland (unit: Mg-hm=-a")

il BlUED L CEREED . Wi T 1A% 4 i3t LRHEN UhiF-2
Fr AR NPP 0.25 0.04 0.02 0.01 — — 0.09
S i K NPP — — — — — 5.66 0.34
HLARJZE NPP 2.28 1.17 0.26 522 13.12 4.53 3.61
I AR NPP 0.17 0.03 0.03 <0.01 — — 0.06
R F S AR NPP — — — — — 2.89 0.17
FLAZ NPP 3.46 0.89 0.09 10.8 20.37 9.5 6.80
/b 1 NPP 1.43 0.76 0.43 2.07 1.55 1.22 1.74
FrIREIFL NPP 431 7—193 3/—/97 13/—/87 1/—/99 —/—/100 —/38/62 1.3/4.6/94.1
& NPP 6.16(16.7) 2.13(2.7) 0.4(0.1) 16.03(65.2)  33.49(3.0) 22.58(12.2) 11.06

E AT PR FRFE A NPP EE NPP Fa5 8 ¥,

Note: Numbers in parentheses show the percentile contribution of each habitat NPP to the total NPP.
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Table 5 Biomass and NPP of Hunshandake grassland
sparse forest in comparison with that of China and global
grassland ecosystems from different sources

e (Mg hm) e |0 N e
(Mg-hm™-a™)

21.30 EIN I 11.06 EINGIE
5.26" 37] 7.66" [39]
6.94" 23] 6.05" [40]
16.00 [25] 6 [25]
16.2 [14] 7.8 [14]
15.4 26] 6.6 26]
7.5 38] 7.5 38]

EE AP E R,

Note: * stands for the values of mean biomass or NPP of grasslands in China.



] jcmik

#FE S 2011,29(25)

T @i (Special Issues)

ik — 20 78 R M DL R A BORIR E VAR AR VD RS9 3y
S R AL T A R SR AR R R R A
TR 30em ZE AT R BT IZ AR AR, R ORK M BE B
AN K o A R HI 5, &8 43 14 B K R BRI IR A - 1
W2 T Z KA R R K w78k T, ik
A RAEAE L3 S AR NS0 A | VAR 26 TR v b X (1Y)
AR R BEK A G AN e s SR A i #b B 7—8 A, RPN
FR RSP XT AR ) A AR G R AR T DL A g s ) T R
B, B IR TV R 0 K ISR R v A R
Yyt 7 BT AR BRI DR R R R TR MR
PR b 2 P R TR A B RSB Y

A AR I AR R () 2 5 A AR 2 AR e 3 )
S VR IO T 45 1 T RRUACER R T b A0 E A
YRR R T e fTm A GRS (3 7%) , HoAr A
T B A AR A 25 R G (9 BRI AN R i e IS A 37
1Y) 459 , HoAS B A= 8 R, vl R B R AN e RS bR
At s AR A FE I A VD R AT i R 26 e T, TS
TP H TG b RN N 0 R S i R A S A S
AR R R AT 25 R H T I Y T AR L 48] A
K P AR R R b Al s T A v i R 43 10 AT A i Oy
FCIF G A7 e T 3B 4y

e AR T BUAG BT I, V35 0K v VD b B S ¥ AR A R
FLAR R DT, TRACR HE N DTk AT B . iR A I BRI
T A0 B 1 TTIRAR /N PR BB TR, BUR TR R
[ 2 5 30 2 v Ml i) A AR A L R AR AR A TR LY
SR A ) kR SRR B U A /NS £ ik R A AR
TR 18] F5 I TR ATt v A A 1 25 B EEAIC 3 SRR 3 36 5
VO AR SR A A B S 0 S M S MR R A L R VD R A 1 T AR
SLRGH [ AR I R R R TS SR TR R R AR
EAR AT 5 DA B I, 76 U0 b 0 i A 2 2R 40 v R IR 43 A B4 A
S H T2 A A AR R A ALY AR RV R R A Lk
FIELEAEH, — BIRA WA 7 [ Y e e 3 B
WG AR 2R 5 16 A, 7 4 36 2= 05 KUk AE R 5 1 10 e 78 3h7,
JRZ MR R AR A A TR R B AR o S R
A2 1 B 2 (AR A AR 2R R XU B 2 R BORT AR BB T

N RN S e o i KW 7 2 T O N O P S e
Py o5 ARSI, Az A A TR 3 25 T VD Bl A A AR R 4 1 A
P ECAE T, HUUE AR W T2 0 AR R, R
B0 1N K RO B L B R R  3E R T 2m R U XS
A TE VD ML A A AR R U TR K O IR R BE AR AR | I X R i i
T 0 AR I 208 AR R AT 0 AE b T KOS AT 3K A5 19 ik
Fo43 FIF B AR 2 b 3R 7K S0 b R A= W 5B 1 43 BOAS R
X AR T AT R o 1 B R b (A ) 3 Ao A A T AR R AR
UK A3 H A 5030 1 o A R SO T EL DRSS 43 A o A3 AR
AR 28 A (I A AR AR Ry 0 X (1) — AR B 1) 1 V0 A4

VA 35 A 0 VD b B AR b B S 35 NPP LR S TSI

SCIESCE & TECHROLOGY REVIER

6 A~ N AP B AR 3 RGEE T T A R 59% . F 58 1%
T A4 MK 5 b B9 NPP 5 4% 32 224 1 R B9-F 3% NPP A L E
b AE 5% AR A 7K B2 i e AT S e 45 1 EA A
B 02 b B e A Y PR R TS ) 92 % IR — M A A 1
AR b DX VR AR R AL TR TR X, D3 A VR 3k 5
VO I BB DR AR R B M B £ R SRR I %
XNy 8.36 Bh/hm?, A5 i bR P 43 A 04 [ 5 V0 AR PR B A I
Al 3k 30% ,{H 4% 18 Scholes F1 Hall F4 00 A5, 5% £ 90 A9 - 35 F7 oA
R E L 109%™,

X F RG2S R ST, K 19 0] 3RAS M 2 PR ] NPP (i 2 22
KR Z— KT LIS o3 fif R R b CE IR A AR Y
ARKEYIM G 2 S, Bttt & — X ik 54 222
ARG NPP MK B Z B RSB 40T
NPP = & #h = NPP [Fl4F Bk & B 1) KBURE X & Bl T
BEORUR AT B, 6 25 4 BR [ 25 AT B S 1 NPP 5 B K B 50
e Z AR T AR HE A A . X LR F Whittaker A1 Likens 1)
H RO

y=3000 (1 —e000064) (4)

Hirp ¥ A NPP(g'm’Z'a’I) o AR REOKE (mm) . IZ B 55
T A ER DAE TR B I MR (1 45 2 A ) B AR T EL A
SUAHFEITS, 0 1206 5 20, V36 1A 5 4 X 09 4F 2 6 7K o
(370.23mm ) % Jij f NPP i 1% 4 6.54Mg-hm=2-a™, 5 br ) 75 9
SRR T U, UL AR K S T TR A e Vb b
s A P B AN TR T3 A (X B b s AR B 1T BE A% A=
ML T Y.

RUE P37 28 7™ W AR 2 00 1 ) 00 % 1) B 7K & 20 19 1
o VRS 3R T8 VD M 1R AR R D M 1 0 K R RRAE
J) PRI ML 260 3 A R DR A R R 19 4RO i - NPP SH 1,77
Mg -hm2-a™ 4 F-35 B oK & 347mm 0] RUE A 5.1,/ i 1=
T IR TV A B MO RUE (19—, SR 77 4
FEAR T R X A RUE #F 58 25 A0 HEP ¥ 36 35 v V0 b
WB AR S RUE HRTE & LS %5, X HRTESRM, ER
33K v U i IR BE BB K S 0F AT DU AR P 2 AR W, VSR R
T Vb b 5 v K A R R0 TR R T AR AR B A B R
ASRAE AT FEAN ] GE IR A 3 12 b X 4R Bk A B 1k v R -
B R KA OG . X BR IR KO LA 500 Al 2 TR AR A5 U AE
L JE A A R 2 — R AR B R K AR L
TV 1l ST U AT 31 R T A

VA S5 A T VD b B A MR R AR S R G R 63% 89 NPP 43
Be e T &84y o T B R 00 R - e AR, VD R A b R A
AR IRl AER AR 1 NPP 78 45 B AR A1, R
BT 3 HL G I A B A 4 28 0% 30 KBS AT A9 4 48 11 U8
SRR R B R R 2R TR A S BB AN, M
B PR Bl F) NPP 32 2o 1 LA 2 3 3R B R AR A ) 2
35 T Vb b (9 B [ 1 R T R 2 A SROUAS B D AN
AR

35 Im



] jcmik

ﬁ\ T @i (Special Issues)

B S 2011,29(25)

SCIESCE & TECHAOLOGY REVIER

4 Hig

SBURORCEE PO RIS LRk L INGEE /b I RE Tk & Sy
BRI FE AT LA, & 8 75 B v e - S - B0 e A i bR el B
A FEA B B R R Dy RE AL, 5 HLJE A H Al R, g
TR SRR B4 35 W1 S A DX, AT LK R — 2R B A it
R E IR, A9 3 7 By 3 A b s i 9 AR A i
I 25 A PR R B B0 A R T AR . e RO A
R AR A0 € QTR E R U o v PV = o D/ 5 G N
e M [R] IF th ELATE e F) 7 0E 0, 0 A ) R i B S
e — 8 T 1A Ak B i 9 1

HxiFK FPW . BH ATEFEELR T FIS T @A T
B

2 % 3k (References)

[1] Grace J. Understanding and managing the global carbon cycle[]]. Journal
of Ecology, 2004, 92(2): 189-202.

[2] Heimann M, Reichstein M. Terrestrial ecosystem carbon dynamics and
climate feedbacks|J]. Nature, 2008, 451(7176): 289-292.

[3] Teng F, Zhang X L. Clean development mechanism practice in China:
Current status and possibilities for future regime [J]. Energy, 2010, 35
(11): 4328-4335.

[4] Roy J, Saugier B. Terrestrial primary productivity: Definitions and
milestones [M}//Roy J, Saugier B, Mooney H A, eds. Terrestrial Global
Productivity. San Diego: Academic Press, 2001: 1-6.

[5] Yang X, Zhang K, Jia B, et al. Desertification assessment in China: An
overview[J]. Journal of Arid Environments, 2005, 63(2): 517-531.

(6] TR, R DA 55 vl e DL A A A e LR 25 AR G AR AE S AL ().
HEBFIRE, 2007, 26(4): 549-554.

Yu Shunli, Chen Hongwei. Chinese Journal of Ecology, 2007, 26 (4):
549-554.

[7] WRigh 2, 9RE . NSt AR XN B AS BLYD b A ORS00 ()] 3 B2,
1960, 26(1): 23-34.

Chen Jingsheng, Guo Xumin. Acta Geographica Sinica, 1960, 26(1): 23—
34.

[8] WEE UG R T35 ik v vh ity e A 280 B I L 412 [R]. 2004
Inner Mongolia Meteorological Administration. Special monitoring report
on the climatic and ecological environments in Hunshandake Sandland
[R]. 2004.

(O] XA Ak, £ V. ¥4 35 35 50 v b b IX - M SR Ak A 2B B 5T [J) K LR EF
2242, 2004, 18(5): 99-103.

Liu Shulin, Wang Tao. Journal of Water and Soil Conservation, 2004, 18
(5): 99-103.

[10] Aber J D, Melillo J M, Nadelhoffer K J, et al. Fine root turnover in forest
ecosystems in relation to quantity and form of nitrogen availability: A
comparison of two methods|J]. Oecologia, 1985, 66(3): 317-321.

[11] Janssens I A, Sampson D A, Curiel-Yuste J, et al. The carbon cost of
fine root turnover in a scots pine forest|J|. Forest Ecology and Manage-
ment, 2002, 168(1-3): 231-240.

[12] Gill R A, Jackson R B. Global patterns of root turnover for terrestrial
ecosystems|J]. New Phytologist, 2000, 147(1): 13-31.

[13] Sprugel D G. Correcting for bias in log—transformed allometric equations
[J]. Ecology, 1983, 64(1): 209-210.

B 36

[14] Ajtay G L, Ketner P, Duvigneaud P. Terrestrial primary production and
phytomass [M}/Bolin B, Degens E T, Kempe S, et al, eds. The Global
Carbon Cycle. Chichester: John Wiley & Sons, 1979: 129-181.

[15] Le Houérou H N. Rain use efficiency: A unifying concept in arid-land
ecologylJ]. Journdl of Arid Environments, 1984, 7(3): 213-247.

[16] Walter H. Vegetation of the earth and ecological systems of the geo—bio-
sphere[M]. 2nd ed. New York: Springer-Verlag, 1979.

[17] M5 BRARGAE 22 51 22 S8t AR AR (M. bt W MOl i R,
1989.

Inner Mongolia Forest Editorial Board. Inner Mongolia forest [M].
Beijing: China Forestry Press, 1989.

[18] H ERF = Berd 5t L FEWF 5 r. b E M. db st B Uk, 1980.
Institute of Soil Science, Chinese Academy of Sciences. Soil of China
[M]. Beijing: Science Press, 1980.

[19] fh FERR 2 BN 5530 T B ER 5 % 480N, N S R B, AL st B R
1, 1985.

Inner Mongolia and Ningxia Research Team of Chinese Academy of
Sciences. Vegetation of Inner Mongolia [M]. Beijing: Science Press,
1985.

[20] Sala O E, Parton W J, Joyce L A, et al. Primary production of the
central grassland region of the United States [J]. Ecology, 1988, 69(1):
40-45.

[21] B b, TEFEP. b R R RS R G (M. b At Bhed il kL,
2000.

Chen Zuozhong, Wang Shiping. Typical grassland ecosystem of China
[M]. Beijing: Science Press, 2000.

[22] Jackson R B, Canadell J, Ehleringer J R, et al. A global analysis of root
distribution for terrestrial biomes[J]. Oecologia, 1996, 108(3): 389-411.

(23] AT, J7 0 2o, B G, AF L v R A M AR Bl A A RS ) A A%
JRI[J). A AR A E AR, 2004, 28(4): 491-498.

Piao Shilong, Fang Jingyun, He Jinsheng, et al. Chinese Journal of Plant
Ecology, 2004, 28(4): 491-498.

[24] Schenk H J, Jackson R B. Rooting depths, lateral root spreads and
below —ground/above —ground allometries of plants in water—limited
ecosystems|]J]. Journal of Ecology, 2002, 90(3): 480-494.

[25] Whittaker R H, Likens G E. The biosphere and man [M]/Lieth H,
Whittaker R H, eds. Primary Productivity of the Biosphere. New York:
Springer—Verlag, 1975: 305-328.

[26] Wissenschaftlicher Beirat der Bundesregierung Globale Umweltveriine —
rungen. The accounting of biological sinks and sources under the kyoto
protocol—A step forwards or backwards for global environmental protec-
tion[M]. Bremerhaven, Germany: WBGU, 1998.

[27] Scholes R J, Hall D O. The carbon budget of tropical savannas, wood-
lands and grassland [M]. //Breymeyer A I, Hall D O, Melillo ] M, et dl,
eds. Global Change: Effects on Coniferous and Grasslands, SCOPE. Vol
56. Chichester: Wiley, 1996: 69-100.

[28] Gower S T. Productivity of terrestrial ecosystems [M]//Mooney H A,
Canadell J G, eds. Encyclopedia of Global Environmental Change. Vol
2. Chichester: John Wiley & Sons, 2002: 516-521.

[29] Rosenzweig M L. Net primary productivity of terrestrial communities:
prediction from climatological data [J]. The American Naturdlist, 1968,
102(923): 67-74.

[30] Whittaker R H, Likens G E. The primary production of the Biosphere
[J]. Human Ecology, 1973, 1(4): 299-369.

[31] Knapp A K, Smith M D. Variation among biomes in temporal dynamics
of aboveground primary production[J]. Science, 2001, 219(5503): 481-



] jcmik

#FE S 2011,29(25)

T @i (Special Issues) ﬁ\

484.

[32] Loustau D, Bruce H, Drake B G. Water, nitrogen, rising atmospheric
CO,, and terrestrial productivity [M]/Roy J, Saugier B, Mooney H A,
eds. Terrestrial Global Productivity. San Diego: Academic Press, 2001:
123-167.

[33] Schuur E A G. Productivity and global climate revisited: The sensitivity
of tropical forest growth to precipitation[J]. Ecology, 2003, 84(5): 1165-
1170.

[34] Le Houérou H N, Bingham R L, Skerbek W. Relationship between the
variability of primary production and the variability of annual precipita-
tion in world arid lands [J]. Journdl of Arid Environments, 1988, 15(1):
1-18.

[35] Liu M Z, Jiang G M, Li Y G, et al. Leaf osmotic potentials of 104 plant
species in relation to habitats and plant functional types in Hunshandak
Sandland, Inner Mongolia, China[J]. Trees, 2003, 17(6): 554-560.

[36] Raich J W, Schlesinger W H. The global carbon dioxide flux in soil
respiration and its relationship to vegetation and climate [J]. Tellus,

1992, 44B(2): 81-99.

Tk

SCIENCE & TECHNOLOGY REVIEW

SCIESCE & TECHROLOGY REVIER

[37] iz, XU AR, O . v e Bl A A R GURRIE M)/ EAnAS, J7 RS
=, bk, AFL BURAE 5 2 0 RS TR RE 7T . JEmt: b R4 HOR AR
1, 1996: 251-277.
Fang Jingyun, Liu Guohua, Xu Songling. Carbon pools in terrestrial
ecosystems in China [M]/Wang Rusong, Fang Jingyun, Gao Lin, et al,
eds. Hot Spots in Modermn Ecology. Beijing: China Science and Tech-
nology Press, 1996: 251-277.

[38] Saugier B, Roy J, Mooney H A. Estimations of global terrestrial produc-
tivity: Converging toward a single number[M]//Roy J, Saugier B, Mooney
H A, eds. Terrestrial Global Productivity. San Diego: Academic Press,
2001: 543-557.

(30] P, 75 0 b, BS54, 5. b Bl Mo 4 BT A 7= 32 5 G A AL .
i H 23], 2003, 58(3): 372-380.
Tao Bo, Li Kerang, Shao Xuemel, et al. Acta Geographica Sinica, 2003,
58(3): 372-380.

[40] He Y, Dan L, Dong W, et al. The terrestrial NPP simulations in China
since last glacial maximum [J]. Chinese Science Bulletin, 2005, 50(18):

2074-2079. (FHEHRE A®)

8 |

LSy

(R S| BT BIER

“FHREBAABPBFEIT, HFENE BASEHRAE FRE
FEAEACE B AL, R R A Ak AR A AL,
AL 2RMAFEE AFEBEY AFERF RS REEA,
BRI, BHPIFA2100FAELEAR, FRBY,5F4B 8 MH K
MR RIS ENEAZE, BB KSR RS BAREH .

chenguangren@cast.org.cn,

37 Il



