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PR S A A A R T RIS, i UIR A T 433 B AL IR E AR AR . VR DA K IR A
HHCKN. P&, HILIFE P EITEMES RGEANICKAN, PEEMMGE. &RER: FEICTEMNFIESRGA
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Abstract

Aims Studying storage of carbon (C), nitrogen (N) and phosphorus (P) in ecosystems is of significance in
understanding carbon and nutrient cycling. Previous researches in ecosystem C, N and P storage have biased
towards forests and grasslands. Shrubland ecosystems encompass a wide gradient in precipitation and soil
conditions, providing a unique opportunity to explore the patterns of ecosystem C, N and P storage in relation to
climate and soil properties.

Methods We estimated densities and storage of organic C, N and P of shrubland ecosystems in Northern China
based on data from 433 shrubland sites.

Important findings The main results are summarized as follows: the average organic C, N and P densities in
temperate shrubland ecosystems across Northern China were 69.8 Mg-hm™, 7.3 Mg-hm™ and 4.2 Mg-hm™, re-
spectively. The average plant C, N and P densities were 5.1 Mg-hm™, 11.5 x 102 Mg-hm™ and 8.6 x 107
Mg-hm™, respectively, and were significantly correlated with precipitation and soil nutrient concentrations. The
average litter C, N and P densities were 1.4 Mg-hm™, 3.8 x102 Mg-hm™, 2.5 x10™> Mg-hm2and were signifi-
cantly correlated with temperature and precipitation. The average soil organic C, N and P densities in the top 1 m
were 64.0 Mg-hm™, 7.1 Mg-hm™ and 4.2 Mg-hm™, respectively and the former two were significantly correlated
with temperature and precipitation. The total organic C, N and P storage of shrublands in Northern China were 1.7
Pg, 164.9 Tg and 124.8 Tg, respectively. The plant C, N and P storage were 128.4 Tg, 3.1 Tg and 0.2 Tg,
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respectively. The litter C, N and P storage were 8.4 Tg, 0.45 Tg, 0.027 Tg, respectively. Soil is the largest C, N
and P pool in the studied area. The soil organic C, N and P storage in the top 1 meter were 1.6 Pg, 161.3 Tg and

124.6 Tg, respectively.
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il 1b AE 2 2R 8% 2 ik (C) i = O BIF 52 B T
IERFAN A2 RGUE X I R A BRCIE A IR
UE304 K, FRESFH TR T K& A H P E A Chig
EIRTA, R RIEARAMR(E E 24, 2000; Fang et
al., 2001; BXEAIFE " E, 2004; J5H5 =%, 2007)A!
A4S RG0(NI, 2002; AMHIESE, 2004; Fan et al.,
2008; ik =55, 2010). AF A EAL 5 #H 2 1k b
KMz —, WENEHEFEHAE SRS CIES H A
B EEMIER, HoAm A KA bE 4Bk % B 3l
Ak (A 231655, 2006). BT H BT HEAVERS RS
PICHE RN 41 T B i AR S RSt Chig & AIC
JE A # BB . AR, 5K B RIFRARA
EBRFBCHEM AL, ENEERGCHER
WHAAR D, (B4 RMAFER K2 5. Bl WINi
(2001) KR 475 A< [R] 98 M AE 25 22 e 10 A BRT- 35 0l ol 25
g4 v [ E AT AT TR A A R EVE AR S R 4
C# 9456 Mg-hm™?, MChEE H8.02 Pg; H4I4
24:(2006) 48 55 F [ Sz E AR ) B RO, PR ET
5 C % B 1 Ak 45 B AR W C % 410,88
Mg-hm™, MCHEE H1.68 Py, HoJbirHiX [#5C
fiti B 21°49406.6 Tg.

TERAER REFRIER I EEL 5, B(N). B
(PYTEAS RS s = A TC 52 2 2 PR R 52
Mi(Ellert & Gregorich, 1996), tHEZmFfEY) 4 K1
EERGYIRE. HECHEVTFIMLEL, E& RSN,
P E IR . X EAS RGN, PhifE 1o
J F EAE T 4 A5 5 (Tian et al., 2006; Yang
etal., 2007), XHEMEN. PERIRE I HATIE &2 Ho

AWK G — A RN, T
Hh b 7 B 8 HEAE 25 RGEIEAT T R GRS
A, DUV EERRHER AL 5 T EIE T EENES RS
[FIC. N P25 FE ANt i, P [l B TR 2 e e o
EALTHEMNESRGHC. N PEEFZK? HiE
s E AL T NS RGC. N PEE?
R EJCTTENES RZSGHC. Ny PifEAR £ R?

1 #RFEE

11 BAEMRE

bR R, Wb, . NS, T
TR BRVT. LR, R, BRPE. CHON. TE.
PrEE, HEHL433/ LV MRE LT R A i e 1
VB SRR . R MR E3ANS m x 5 mIfkE g,
WSRAEJT B & MR ST DR 7 ROV R0, IR IE i Yok
B R KRR T R . R, X
IR AEAR AR B (R 250 ), PR A
D10 L1 N 7 S == s R i B W == 2 S
(FEGH 732 AR R O X0 Yang %5 (2014)) « £ i
g fE, HTWERC. N, PE&E.

TEREHOPRUTSZ — A1 myg i 35850 (3 R
AL mIFEH, 25 TIERER), 50 T R
X9 Nt R 2 ¥ 0-10. 10-20. 20-30. 30-50. 50-70
F170-100 cm, TEHRRZE A A B F IE T FH 2579100
cmPfFR JIEURE LA E 3R SRR S R, FIR
FEREARE T IS A 28 F -4 43 9 43 )2 R B R 3%k
T 0lE LA HLCLL AN, PE &
1.2 tEYMTIEERNE

TR SR S BRI AR AR A, 12100 H i, 1E
VIRE ST SR, T IRE AT S Bk 2R BT O
¥iiE, FITC. N. PR

FE i 14X C A1 4N & F CINJG 2 43 #1413 (2400
I1 CHNS/O; PerkinElmer, Boston, USA)IIE . JN3REL
TIEEHCE R, FIH L IEHLCH Hr (X (Calci-
meter 08.53, Eijkelkamp, Giesbeek, The Netherlands)
Mg 7 [F— B e LI EHIC S &, WHE
ZRUNEHIEAEHCE &, &PSEHRE-HEPI
3k, B IR - e SR VA A M 40 B L 3 O P P,
ST %47 I € (John, 1970).

T IEIRTIRE SR TEL05C R T IR R T &, Bk
HERA S IEBRA R E AR, HE S — 2 g
FE AR B A&
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AFF 2 R BT SR () 00 A 0 45 S 5 R e o AT
o Bl T A S b M S B, AT AR A
WorldClim## /% (Hijmans et al., 2005)33kEL &+
R IR AR Bk & o HE B 73 A0 B RS
F- o [ o 2 o i SR - ML BR AT 7T T B 14 (19 20104
rp ] - 3 7 0 P (5K A4, 2014) . %90 K B 143826
M, HAENEE TR SRR A VR
N HE SR IR N UL R R N (R HE AN AR
R, MU N30 me TR s T
eI R I VEE MR R E N, 1T HL A P S E AL
67 0 A TARAR /N (I 5 677 HE M T AR 10.4%),
FIT CABRATT v B 9 1 ] - M RO i 8 M PE R R
J5 1 R i
1.4 C. N, PEEMEEITE

FEH R FERY) S 25 5 Cy N PREE T DA & A
WY& ERERC, NFIPS B I LU XS B () A= M &
RS, EEYIC. N, PiEEHC. N. PEET
DIAIN R 3RS . #ELIEAHIC. ENFMLPEE
e LAXT I 1) - 18 75 1 (Fn B koA ) o] LA i 2
BEAHLC. N, PliEs, 285 ST 5L miR 3%
fIC. N. P, DLEIEANICE L THE ], HA
I E AL

SOCD =Y (1-g;) % pix SOC;x T;
Hrp, SOCDANTIEANCE E, g i E IR

T, pNEIELIENAE, SOCHEIELIEN

AHCEHER, TIAEIZ IR, 1 miELEN, P
AR 5

BT FE D R A I AR, FE R TR R
BHAEYE. FEDLLR EEC, N, PHEFRLY
FEREIE o A% 1E 77 ¥4 ) b T 45 52 T R (3% 8 T AR 5 30
J& (o) R 5% AE cosaff1 AR AR S T TH AR

i A R P (TR 4SS, 2014)3R1E (A
VoI RE A . B B TE DA 70 20 AT TR (2830 P AR ),
FeLLE A PIRIRRENIC, N P2 il
ZAMC. Ny PREEAINEN Ny EAL T #EAESR R
GiffIC. N. PiEE.

2 &R

21 ThEJGFEMESERESC, N PEE
o E AL 75 A B RE LA HLC N, P&
JE 4351 °4(69.8 + 3.0) Mg-hm™. (7.3 + 0.3) Mg-hm™,
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(4.2 £0.2) Mg-hm™ CPEEEbRfEIR %) . Horr, £
BC. N. PHEES (5.1 +0.2) Mg-hm™2, (115 x
102+ 0.5 x 1072 Mg-hm™. (8.6 x 102+ 0.4 x 107%)
Mg-hm™ FEYIC. N. PEEE4 (14 + 0.1)
Mg-hm™., (3.8 x 10%+ 0.3 x 107%) Mg-hm™?. (2.5 x
107 +£0.2 x 107°) Mg-hm™?; 1 miE A HICHN. P
@ FE 4 W R (64.0 + 0.3) Mg-hm™. (7.1 + 0.3)
Mg-hm™, (4.2 +0.2) Mg-hm™? (£1).

F1 HELACT FEREANIE . B B CP I E AR IR IR ZE)
Table 1 Carbon (C), nitrogen (N) and phosphorus (P) densities of major
shrublands in Northern China (mean + SE)
TR FRLHEM it
Deciduous  Sparse Total

broadleaf shrublands
shrublands
FEH%L Number of sites 329 104 433
B C density (Mg-hm™) 86.1+37 221420 69.8+3.0

H4:41& Biomass (Mg-hm™) 6.1+0.3 1.9+03 5102
AT Litter (Mg-hm™) 1.5+0.2 0701 14201
e SpiIR T 785+36 195+19 64.0+3.0
Soil organic C (Mg-hm™)

R N density (Mg-hm™) 8.1+03 26+03 73%03

2y Biomass (102 Mg-hm™)  12.9+0.6 6.4+07 115+05

TV Litter (1072 Mg-hm™) 40+04 1.8+02 38+03
43 Soil (Mg-hm™) 79404 25+03 7.1+03
BB P density (Mg-hm™) 43%02 37+03 42+02
Ay Biomass (10° Mg-hm™?)  9.9+05 3603 86+04
P Litter (10~ Mg-hm™) 27402  09#02 2502
43 Soil (Mg-hm™) 43402 37+03 42202
22 HEALFEMESRSC. N PEESHERN

e

APEC, N PREESERKE, LIERSE
BEH R ZEIEMKL( < 0.001), THSEBRKEML
BN B IAH R R AR e A 1 S 9 PSR
KEMNEG, RAPHEESEFHREMLKR
i (p < 0.01)(&1).

JHIEPIC. N\ P& 5P R R 2 R E 5
KK FZ(p < 0.001), HHFEKEFEEZE R IEAHIRK
AT EEYIC. N, p<0.01, %P, p<0.001)(E2).

1 miE LA HLC 5N P25 b T 15 < IR T
BEEC(p < 0.001), T HAIEANCEHNE EREE
Bk BB 5 2E B8 N (p < 0.001), T7P%5 AR fk#a
FELTH(EI3).

23 FEHLFENESTRLEC, N, PligE
BIF 90 X e AR T AR 92.89 x 107 hm?, 4915

O 4= A4 Chinese Journal of Plant Ecology



4 -
A - . R=0007
71 :E_,PI,:O.O?S
________ X
o b

U A

In plant C density (Mg-hm)
(=]

s hEATRARENES KRG, A, BiERE 17

0 400 800

PR

In plant N density (Mg-hm?)

1200 "

800

0 400

s
In plant P density (Mg-hm™)

I”:

1200 -3 -2 -1 0 1 2 3 -3 2 -Il 0 1 2

’

-10

400 800
iERRK AL AP (mm)

ottt 10
=5 0 5 10 15 20 0
AR E MAT (°C)

200 7% 2 0 1 2 3 %S T a0 0 1 2

THEEE R In STN (mgrg™) B i In STP (mgg™)

E1 FEIETEMNEDERA-D). B(E-H). BE(I-L)%E 55N CR(AL: p>0.01; %Hkl2k: 0.001<p<0.01; LLk:p<
0.001).

Fig. 1 Biomass carbon (C) (A-D), nitrogen (N) (E-H) and phosphorus (P) (I-L) densities for shrublands of Northern China in
relation to environmental factors (dotted line: p > 0.01; dashed line: 0.001 < p < 0.01; solid line: p < 0.001). AP, annual precipitation;
MAT, mean annual temperature; STN, soil total nitrogen concentration; STP, soil total phosphorus concentration.

HIF 52 [X. [t 5 T R 1195, 7%, e v 9 1 ] e 3 A RN s
e NI B A J92.88 x 10" hm?. A HLC AN, P
it/ 5 1.7 Pg. 164.9 Tg. 124.8 Tg. Hrh4:4)
fEC. N. P& 8128.4 Tg. 3.1 Tg. 0.2Tg; ¥
#EPIC. N, PREE > 5 48.4 Tg. 0.45Tg. 0.027 Tg;
1 miR-EANICEN, PlEE /7416 Pg. 161.3
Tg. 124.6 Tg (¥%2).

3 g

3.1 hEIEFEMESTRLEC, Ny PRHEZEEMNES
ARG — (R . SRREANR 73, it

TR EAL NS RSGC. N PEESHINLT

Pg. 164.9Tg. 1248 Tg. H4A¥EC. N. PlifE
Iy 9°N128.4 Tg. 3.1 Tg. 0.2 Tg. 5LMEiEE %kl

BEVLSCKHG —NAEME- TR & B R AT
(IR FEAR b, G AN AR 7 U R IR 22, [
B 25 18 T AN R A A A A X S Y e R & R %=
S, AT DA B0 A A S R

2> I 55 (2006) fli 5 1 B 3 B AR C
R, HoARar . WG TEREN . R IICE
(6.24 + 0.88) Mg-hm™?, SAHF T 15 7% H- i it
WEINC3 6.1 Mg-hm™ A1 24 . {HL 5] 43 164 (2006 ) fti 5
Fi v 5] M MR . C 35 910,88 Mg-hm ™, & T4
WFFE5.1 Mg-hm™, 3X—J5 T2 RN AHE e A $5
AP R SRREN, 55— 7 TR RN ASHIE R ok
BB T AEYEBIRIFELEEN . 2 0E55(2006) 1 5
AIFE L 5 1 XV AR 25 2 G O REL 1 Cfih 5220 406.6
Tg, M TAWRER., X—ZFFERE T
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Fig. 2 Litter carbon (C) (A-D), nitrogen (N) (E-H) and phosphorus (P) (I-L) densities for shrublands of Northern China in relation
to environmental factors. Please see Fig. 1 for the meaning of different line types and abbreviations.

T HEMTHRR A 5, 5H 22 U655 (2006) K FH 1) A8 B &
VEE DN THI R EE AT 9 28 IR R HE T AR TR 2

Hh ] R AR ISP X A C %5 (A R R 4%, 2000
Fang et al., 2001; BXEEAEHE, 2004; 775 =%,
2007) 2 H b 75 #E P IR B C % FE 845 DA L,
X BRI AR S RGURE 0 AR E I A 5 R K
T THENES RS, AFRWEFN H E - 35C
R A R E R EBOK (NI, 2002; RS,
2004; Fan et al., 2008; 7#5 =%, 2010), {HKMAK
B 5\ B R A C % FEAE Z2 /N (P R 5%, 2004;
JikE =%, 2010). EAAH T A A 2 5, Hih
B Chig B R T REMNCAE &=, (HURMNCEHEMEH
R, VEWAEA CIE I B BRI A TS T R AR B C R

R EAETENES RGR, TR KA
BFLC. N\ PFE. 1 mixHIEAHPLCIN. PIEES N
1.6 Pg. 161.3Tg. 124.6 Tg, 75l HES KRG EC,
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N. PFE]94.1%. 97.8%4199.8%. Xf4ERARMAZA
RGECEMWFRRY, RHRESRAMCETHYL
2131 CHiE 17 T 1 CZE (Dixon et al., 1994), ifixfr
R AR S RGICERIT LR, A L197%HICAEAE
T HIECEOTFE =4, 2010). HHEILTHENESR R
GICER A THRREEMAR RGN, 5
L AL, 5 Tian% (2006) A1 Yang % (2007) i) 44
ARG, o E AT HE T35 N B A B 4 [
R IENEE L 12, Ui HE RS RGN IR
32 HEALFEMESRLC, N, PEESFERN
P

AVEC, N, PEFZREFRFKEMTIEN, P
B INEE A S, H R K E A A
K43 A2 E A T A A A F A K BRI R &=, Ko
(R8N 3R 0 1R 2 K (Bai et al., 2008), TiiCAEN
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Fig. 3 Soil organic carbon (C) (A, B), nitrogen (N) (C, D) and phosphorus (P) (E, F) densities for shrubland of Northern China in
relation to climatic factors. Please see Fig. 1 for the meaning of different line types and abbreviations.
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F2  EAC EEREANR. A B s
Table 2 Carbon (C), nitrogen (N) and phosphorus (P) storage of major
shrublands in Northern China

R BTN FEEA Bt
Shrubland types Deciduous broad- ~ Sparse Total
leaf shrublands  shrublands
M Area (10 hm?) 18286 1050.4 2879.0
Tfik = C storage (Tg) 1537.6 183.5 17211
A4 Biomass 1186 9.8 128.4
FTEY) Litter 8.2 0.2 8.4
THEE M Soil organic C 14108 1735 1584.3
ZfikE N storage (Tg) 137.1 27.8 164.9
E¥)& Biomass 2.8 0.3 31
V&) Litter 45 0.0 45
+3% Soil 133.8 215 161.3
W% P storage (Tg) 80.7 44.1 124.8
EWEE Biomass 0.2 0.0 0.2
JA7&4) Litter 27 0.0 27
+3% Soil 80.5 44.1 124.6

fith b B A8 XN [F) R B N TR 5148 XA R E T C . N, PPy
R FRAUNAE R, Iz BEEAR R SR TR INE RS SR
Pt

The element storage of each shrubland type is the sum of the area multiplied
by corresponding C, N and P densities in each province, instead of the
average element density in Table 1 multiplied by total area.

MY EY R ENARTER, LEEHESAKS
HEhnm RN, FEE, N P25 C% B — b K
BN, BT K LASE, IR G BN
It 242 A Y 19 42 K (Chapin 111, 1980; Chapin 111
et al., 1986), FTLAZEEC. N, P& H oA R
e 1 HIENEG R SAEWEC. N PEEMIUAT
FEFR L LIPS T v, X AT Ae A BT E ALy
WAES RGN K S NS B B0 A
(r = 0.62), B&/KATRES oK B8 2 IRING N (N B
17%%7)(Brooks, 2003; Zhou et al., 2009).

HAEYEAR, FEWC. N, PEEHSIEE
FAEOG, TS MKE MG, X0 HE2 B R E T
R T A SRR, D VR B, AT K
DPETEYIC. N. P35 (Hobbie, 1996); ifij FA/K AL ik
TIRVEYIRIN, BT REYIIC. N PE E(Zhou
etal., 2009),

T 3P TR G 1E H (Cleveland & Lip-
tzin, 2007), L3EC. NS FE S 1 1 A2 A AH [F] o
TR C, NEZEAFET AU, LE3EC
wE R, T R T R AU B R, 1
hn7 3 Cif 2 (Schimel et al., 1994; Jobbagy &
Jackson, 2000), A LA+ 3EC% & BE & AF~F 3 <R T
B R BEAKIGIMMEHE TR AR, Il T A
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HUR AR R, $2/ 7 1 3EC% [ (Jobbagy & Jackson,
2000; Wynn et al., 2006). [ ¥, +3ENZEH 2P H
AL = (Post et al., 1985; Cleveland & Liptzin,
2007), HEALTEMNES ARG HEC, N#SIE
FIUAE A HEC N B (1) 2 8] o A AT e v RO AH o bk
(r=0.78).
33 HEILFENESRRLC, N, PIEEHEFH
T E M

AP FE B I R B A A R [ A6 7 LR E AR Hb
R AETEYHIC. Ny PA R LKL mig B3RS &
FEHLC, N, PE&E, OB BEdE, MH TESA
4iC. N. PlitiE. SLENFEMLL, ABFRHTTE
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