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Abstract ; Information on the stoichiometry of carbon( C) , nitrogen, (N) and phosphorus (P) in soils and its effects on
community productivity and species richness in desertified grassland is essential to understanding the interactive relationship
between soil and vegetation in the process of grassland desertification, and reveals the ecological mechanisms of land
desertification. In this study, we measured organic C, total N, total P concentrations, and C :N, N:P, C:P in the topsoil
of different desertified grasslands in the Horqgin sandy land, and statistically analyzed the correlations among C, N, and P
stoichiometry , community productivity, and species diversity. The results showed that the concentrations of organic C (1.39
mg/¢g), total N (0.117 mg/g) , and total P (0.079 mg/g) , and the C:N (7.50), N:P (2.22), and C:P (16.91) ratios
in the topsoil of desertified grasslands remained at relatively low levels in contrast to the results nationwide or worldwide. It

was not surprising that soil C, N, and P significantly decreased during grassland desertification. Their ratios, however, also
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significantly decreased in the gradient of desertification, suggesting an asynchronous loss of soil C, N, and P in the process
of desertification. We found that topsoil organic C, total N, total P, and their ratios were positively correlated, suggesting a
coupling relationship among organic C, total N, and total P in topsoil in the study sites. Further, the coupling relationships
between organic C and total P did not change with the development of grassland desertification. Expectedly, community
productivity was limited by the loss of soil nutrients in desertified grassland in this study. However, soil N :P stoichiometry
could explain more variations of community productivity than soil N or P concentration could. Similarly, correlation analysis
showed that species richness was significantly correlated with soil N, but not P. The diversity index was significantly
correlated with soil N and P. Compared with N or P concentration, the soil N :P stoichiometry effectively reflected the

influence of nutrient balance on species diversity.

Key Words: Horqin sandy land; ecological stoichiometry; soil; community productivity ; species diversity
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Fig.2 Histogram of SOC, N, P concentrations and their ratios in soils (0—10 cm) of Horqin desertified grassland

120

100

80

60

40 +

20

0

80

60

40 |

20 -

100

80

60

40

20

PR LA 7 5

B2 RRIDDLEMTI1E(0—10 cm) SOC NP R H L EETE S %

http ; //www.ecologica.cn

_ 120 ¢
SEME = 1.39 FME =0.177
HfEL = 1.08 100 b — % = 0.153
REL = 0.38 ft=0.14
FiHofE = 9.40 BRAE =0.87
- I/ME = 0.32 80 | /M =0.04
FifeZ = 1.13 ki =0.10
A3 5 2% = 0.81 AEZAY = 0.58
HEARHL =366 o FEACH = 366
40 |
20 b
0 — —_—
0 2 4 6 8 0.2 0.4 0.6 0.8
SOC/(mg/g) N/(mg/g)
160
— A = 0.079 SEIE =7.50
— % = 0.075 140 + M thfig =7.30
— A% =0.07 AL =3.50
AR =0.18 120 f KA =34.97
/ME = 0.004 /M =1.91
| FrifE = 0.023 100 | ] FrEZE =2.64
LR =029 5 2% =0.35
FEARKL =366 80 FEAE =366
60 |
40
20
4 The I _
0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 5 10 15 20 25 30 35
P/(mg/g) C:N
120
SESME = 2.22 Pl =16.91
gk =2.07 100 L ] iu%ﬁ 14.70
—— B = 1.46 A =692
BRI =734 KA = 88.65
— BME = 0.57 80 + | /Ml = 3.61
FitfEZE = 0.90 | PR =9.82
LR RH = 0.40 LR EH =0.58
FEARKL =366 60 AHL =366
40 |
20 |
[] o, .
1 2 3 4 s 6 7 20 40 60 80
N:P C:P

S C N NP Hl C P BB (RS 40 B2 1.91—34.97 .0.57—7.34 1 3.61—88.65, F-3{H
A C. AN 2P &8 Mk

Fy ieca



10 TREIE AF VR SRR U AL S TR R SO A A 1 5 2R R 5

BRIV HAS [F R R VML 62 A HL C 4 N 4 P & L HAL A A i35 25 53 (P<0.001
F 1), EEWFEBEARMMANL C &N 2P &, o5l E b b LT 31.93% ,32.75% F1 9.
10% , 5552 FE VAL R B FEAIR T 58.88% .49.56% Fll 18.60% ; 52 & VML F L A B = 1% C <N N :P [C : P, P VDK
TS B /N T 17.40% . 19.33% 1 34.78% , i 55 & v Ak 0 1l 43 1) 48 Lk /N T 17.529% . 39.40% Al 50.
13% , i VA B 8 C:N NP AT C P BRI S, REVEEHAY C NP 2 23:3:1, " EE VDK
T C NP Ry 15:2:1, VML R LY C NP hy 12:2:1,

F1 BRDDHAERZEDLEM T (0—10 cm) SOC NP RELE CPEME AR MEDZ)

Table 1 SOC, N, P concentrations and their ratios in soils (0—10 cm) along gradient of desertified grassland in Horqin Sand Land ( mean +

SE)
o . i iyl

SR KL i WD

. . . . Moderate Heavy F P
Concentration and ratio Light degeneration . .

degeneration degeneration

SOC/(mg/g) 1.97+1.107a 1.19+0.086b 0.81+0.061¢ 42.68 <0.001
N/(mg/g) 0.228+0.006a 0.171+0.009b 0.115+0.006¢ 45.43 <0.001
P/(mg/g) 0.086+0.002a 0.077+0.002b 0.070+0.002¢ 16.31 <0.001
C:N 8.39+0.19a 6.93+0.15 b 6.92+0.34b 14.33 <0.001
N:P 2.69+0.070a 2.17+0.077b 1.63+0.063¢ 57.31 <0.001
C:P 22.64+0.88a 14.96+0.67b 11.29+0.67¢ 54.58 <0.001
C:N:P 23:3:1 15:2:1 12:2:1 — —
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Fig.3 Relationship between SOC, N, P concentrations and their ratios in soils (0—10 cm) of Kerqin desertified grassland

LD:ﬁ%fgf’/l\’fk,Light degeneration; MD ; LI—‘TE‘ZQ"’PC,MudcraIe dcgeneration;HD:Efg‘Z’/l‘Tk,hcavy degeneration; * , P<0.05; * *, P<0.01; = =
#, P<0.001;P,<0.05 Fl P, <0.05 43| 3&/R =R MM COC R MR IE A B 5 25 5
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Table 2 Vegetation productivity and species diversity along desertification gradient of sandy grassland ( mean + SE)

ek R, ST
VAL Aboveground Underground " - Yk e Simpson Shannon-
I . . Total biomass/ Above/ L. % . -
Desertification biomass/ biomass/ ) Species richness BEL Wiener $8 %%
S’ ) (g/m”) underground
(g/m™) (g/m™) biomass ratio
+r~?/l\
%E it . 154.77+4.29a  319.67+8.54a 474.44+10.66a 0.56+0.029a 5.48+0.14a 0.50a 0.98a
Light degeneration
RN
PED 146.23+5.28a  281.14+5.61b 427.37+9.15b  0.52+0.017a 5.44£0.16a 0.52a 1.03a

Moderate degeneration
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Desertification biomass/ biomass/ ) Species richness Eicp i Wiener $5%%
(&/m?) ( 2 (g/m*) underground
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EERN
EEDHE . 76.87+£5.73b  193.60+£10.48c 270.47+£14.90c  0.39+0.021b 3.66+0.18b 0.38b 0.70b
Heavy degeneration
F 67.37 57.08 81.47 42.66 42.29 14.40 19.19
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
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Fig.4 Relationship between vegetation productivity and species richness in desertified grasslands
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Table 3 Correlations between soil (0—10 c¢cm) stoichiometry and vegetation productivity, species diversity in desertified grassland

WEEmR AR L, . WEF
A EAYE . . . Shannon-
B i X L E Aboveground Underground . Y Above/  WIFNEEE Simpson .

5 . . . Total biomass/ L o Wiener
Concentration and ratio biomass/ biomass/ ) underground  Species richness Eis <

(g/m?) (g/m?) (g/m") biomass ratio "

SOC/(mg/g) 0.216"" 0.261 " 0.273** 0.039 0.177** 0.158 ** 0.169 **
N/(mg/g) 0.329"" 0.354"* 0.385"* 0.047 0.235*" 0.175*" 0.189""
P/(mg/g) 0.167" 0.234"" 0.233*" -0.052 0.1 0.119° 0.124"
C:N -0.01 0.04 0.06 0.057 0.052 0.057 0.064
N:P 0.384 " 0.367 " 0.417"* 0.117* 0.300 ** 0.160 ** 0.183"*
C:P 0.236"* 0.263"* 0.282"* 0.097 0.235"* 0.157*" 0.174"*

*,P<0.05; * * ,P<0.01
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THHEAHL C 2N 4 P i M HAR A e HR A R MU T SO TR R R AR, A
FERW, PEERZLAPLC AN K4 PSRN 10.32 mg/g.1.86 mg/g J 0.78 mg/g M, HZ
AH LG, BT PR RID VD VDA R 2R 2 AR AL C 4 N Je 4 P & i 15t /R PRl A R B
WFgT e RO KRR, iR it B b A ML C RE R e m B 4 ' AR se s
AR BURID VD R b YDA B b -8R HL C 42 N 42 P W FRT(P<0.001) . b DX Z % AU
Sl I F ORI BT KRS | 38 B B AL G, 3R 53U R WA R R T ) SRR R AR - A L
A IR R 2 A HUTOR IR A B T B R 0 RS AR

AWFZEd, +3E C:N NP M C:P 209K 7.50.2.22 F1 16.91 , LK T b [ +3% (5094 12.3 4.2 i1 52.
64) M AER B H (43500 11.83 .5.55 1 64.26) BBFFE &5 S0 [l Bl VAL AR BE Bl , +38 € :N N =P
K C:P IR ERRAL(P<0.001) . X AR FEMAESRS, FHiR bl e oo Z e e HA I AR 1L
RABA X A e I e T ) K e e FE R R AR Y PR SR A R b £ €N NP R C P IR R IR
a0 R A R e R A R AR AR T AR R HEAT ML C 2 N 4 P SRR B/ R BAR F A
SE, —HORUL, TIEA L C K N AR REE MRS AR 1 i) RRR RN FE A AR AR XS 5 (9 LU A8, BRIt C
N — R Wi Y R P RPN EEA L C UK R E T4 N AR A HL C F4 N
P TN [ 25 114 D PR T B PR T X 5 A0 g XUk VR P 5 B8 1 v R 2 21 0 WL SRS B A BT N 43
BRPRE 3 R A I ol s, T R 2E 4E 4 A HILTR RS B R Y C o N 34 T 4 4 A L TR B Ak 2 -
R A P B R R AR, AR SRR, A HL C A N BRAZ 3R AR A, 18 7
VW) fii KR IR 2R 5 A BRI DRI A B YDAl R v A AR AR A AR S T T B i I s vk
AR EHE CoP AN P NEEMRERE, 1Ak, TR T R X R A S RS 82 N R, A58 b 438
N P il b V0 Al R B A ) S 2 A, P R VD AR & R R BUR S 32 N BRI B R BT

BHRIDTS MV A EATHL C 4 N 4 P & i S Ak 2e T bl 3 AT i AR OGO &R B R HEA HL
C. 4N & P TRNBFEEMEMEGRR, EHEEVUR I Rk o g #2 b 7 2 aoR i — 2 $ 1) N P 4§
EFERAT B S AR LA ¢ S —Tr T, A N ORI PR i S e R NP AR A B AR
b, XREFE R A BT A 43R 7 BAR B HEAHL C 4 N 4 P & i 7e st Y0 fb i A rp 4t 2 R AN )
B AHEATZ A REIR A — & R G OC R , AT BB R TOCR M ARG 0GR £4 52 C N P JH it BAH B R
B IFER TTVDEEAR ) e JEANA I a7 S ) B % LA BE A T 3ERR AL A BLE S 3R 4 B 2k B A s
PR AR A ARAE X B2 XF C N P B3R BB 2 A — e BB B 27 L JF 5L, BHR IOV Vb AL 5 1
THEA DL C A4 P RIHE G O R ARV B I A& e 284k
3.2 VMEFHEEE C N P SR RRRIE S A 7 SR O &R

R U -0 R o £ 10 NN 10 NI AT A U 6 A sl RN N 11 e O = 7 N3 A B2 LR A 0
R BRI 4 N A P SRR 28N G I8R50 Sy 52 e i XA ) A= K B T S 1 36
BEIN T, A B A AR B R R LR AR AR W G 7 T A AR AR R A B ORI, R
RS IR AR, R BEE AR S R A A — e R

it SRS ALY N P F AR i PR X AR K R0 BRBDIR DL A3 FR . Wassen 134 7E
P22 Ve b A AR I R I N P /NT 14 B R AE K R N BRI N P KT 16 B R A K F 2z p R
il , b YDA R R A4 NP YRR TT DL e N P e E BRI AR B ARk, AR 5T BRI VD M VD AL
8NP 54 R EA B IEA KR UV B & SR R rh AR PO, N BR R A
JIsEmE R, JFH BT 5 NP EIAECHE S TH 54 N 4 P R A, AT T L4 N 4
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P OCER & i N P BRE S e L 5% I3 1) BPAR B0 S X 2R 57 g i BR AR T
33 WbEHL S C N P AL R AR SR Z AR A 5 R

FIETR PRGNS TV A ZREVE RN BN B 2%, 6 TG AR DGR 5T H AT AR R B — S il
bk, 2B e IR A6 BE G i (B 8 11 I PRI R 2R (B B e 8 R, B 2
REVERE A H3EF% 53 KF- PR R TN T ARTESE R IR RID YD 3l v L P Rl = B B e MR A 3
4 N AR DR SRR RS e P& A B B IE A OC &R (P<0.01) | 3% 55 B MRIaT it i e J5L | ey
FERL ) R RES B FC S — B IR S A P R A T AR DG, T RER T
DA A 22 N OB, 1552 P RV PN ) Tilman 3800 dugig 78 T ENE T BRI AP REVE P
Foft = B8 A48 A T2 B S2 AT BRIR AT BEIR A 55 S+ BRI Y

ABESEH  BHRID U VAL B b = o B S AR AR S R NP B B IEAHSCOC R, X 5 XA
FE IR TE A AR, B 5 N P AN]R8 3R AR BURT A2 7= T i BRI, ik vl S R SR 501 X 4y
FhZREEREPE . TR SR T B0 SR R R A 4 2 R S RGO (M 25 R RV R[] 2
RETHE AR W 05 BRBT L S (1 i 1o AL LR AR LA 2 S, Ak A5 R A 9 DX 0 90 R B0, 00 T3 2
FEHE NP HEXT VR NZERL A RME Y RIS EE R TER M, 1T N P LSt A0 i T AR RHE M LR R AR T
SIRHEYIERETE N BT, DRI BT AN TR 0 B85 3% 20 BR ] By i 10 B A 2 S, B — i ] -
N 8 P 3 e AN BEAR G-l 52 WAV 45 R 2E O YAk b 55 43 B 1 F i 192, 107 N < P B el sz Bl - 39 5 431K
DURS HEvE S AR

4 #ig

A SCHGE K B BHRID VD U AL R 3R )2 T B A BN ANL C N 2P S ) C:N N:P M C:P, H
FHbE R AL C AN 2P S8 C:N NP Ml C:P ¥ RERE, ML E I EZE HEAILC &N 4
P OCE AR B IEH LR, HA —EMIA LR, H AN C Mg P IR ARG 2 R ARV ALY &
T R VA R | 8% A B 2 B o 3 o AE 7= ) T 48 NoP #04 N 4 P75 i R S i 1 4 %
G3XFAE T TR BRIAE A s YA R 4 4 N i SR A R R LA B B AR DG OC R i A P S HOE
FHSNE, ZR A & N 2 P SRR EA B IEHEER X TSN 2P & NP B i
WSR2 s VR A
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