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Abstract: The Hulunber steppe, located in the north-eastern Inner Mongolia, is one of the representative and typical
steppes in northern China. The Hulunber grassland plays a key role in maintaining the ecological security in northeastern
China and serves as an important north-eastern ecological protection barrier. This grassland in temperate continental semi-
arid region has a remarkable transition of climate, soil, vegetation, and biogeochemical cycling from north to south and
supports diverse species of plants and animals as well as the regional socio-economic development. All these features offer an
unique opportunity for examining spatial heterogeneity of grasslands in relation to degeneration. Carbon-nitrogen
stoichiometry is one of the important indicators of vegetation composition, ecosystem function, and nutrient status. However,
to our knowledge, factors driving these soil nutrients patterns at micro-scale still remain uncertain. Given the importance of
plant carbon and nitrogen chemistry in biology, physiology, and biogeochemistry, it is important to understand patterns of

plant carbon and nitrogen at micro-scales and their possible links to ecosystem-scale biogeochemical cycling. Spatial
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heterogeneity dynamics in the mini-patches is one of the most active ingredients in the process of grassland degradation. To
demonstrate how grazing affects soil carbon and nitrogen status, we analyzed large datasets including 900 observations of soil
samples in temperate grasslands in northern China. Using geo-statistical analyses, we studied the spatial heterogeneity of soil
total carbon, total nitrogen, and alkali-hydrolyzable nitrogen in mini-patches of degraded Stipa krylovii grassland with
different grazing intensities in Hulunber, Inner Mongolia. A sampling plot of 1 mX1 m was selected within each mini-patch,
and a total of 100 quadrats of 10 cmx10 cm were determined in each plot. Soil samples (0—10 cm depth) were collected

¢

from each quadrat. We hypothesized that “ nutrient accumulation effect” is the primary explanation for the spatial
heterogeneity of soil nutrients in temperature grasslands. The results indicated that the contents of soil total carbon, soil total
nitrogen and alkali-hydrolyzable nitrogen were highest in moderate grazing plots, followed by heavy grazing and light grazing
plots. The spatial heterogeneity of soil total carbon was highest in moderate grazing, followed by light grazing and heavy
grazing plots, whereas the spatial heterogeneity of soil nitrogen was most significant in heavy grazing, followed by light and
moderate grazing plots. The most obvious change in spatial heterogeneity of alkali-hydrolyzable nitrogen appeared in
moderate grazing, followed by heavy grazing and light grazing. Changes in littering and the related soil biochemical
transformation may occur in grassland communities under different grazing intensities, which, in turn, may result in
reduction of nutrient pool and in increases of spatial heterogeneity. These changes in soil nutrient status may ultimately affect
nutrient cycling and ecosystem productivity. These data showed that the scale-dependent variability of enrichment and
migration of soil nutrition may influence the progress of grassland succession. The present study provides insight into the
question of how plants have adapted to different environmental pressures, and contribute to better calibration of future soil-

degradation models.
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Table 1 Descriptive statistics of soil elements under succession degradation
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Variable Sites Minimum Maximum Mean Standard Variation
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Table 2 Structure parameters of variation model to soil elements
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e WRHT BRk 1.7 11.23 12.93 13.1
Soil total carbon R Bk 0.4 15.47 15.88 2.6

=y U] BRk 9.9 26.28 36.19 27.4
2R TR HTH BRAR 0.4 0.12 0.239 16.6
Soil total nitrogen bl ] BRI 0.5 0.15 0.191 23.0

R S 9 BRAR 0.6 0.02 0.021 2.4
B A AT Rk 197 1493 2690 44.5
Alkali-hydrolyzable T i BRAR 11 1034 1045 1.1
nitrogen B BRIk 24 1493 1517 1.6

2.3 IRLBEERT R RS R C R SRR 3 i

TSRO Bz e 3 ST ER A (8] K- B 23 A1
SFAE R Surfer BRI T 5 4t 4 A
RS (K 2) o B BEHR B A B (R
HEZIREG) R b IR0 & ah 2 2012214
AL, AT, (a) OB ATIIRE L b 20 1 (B
MR HABERL, ek S AR R E S A
I B b B R OB H K (BT, A
B AR /MBS BRPEAR o TR SRR b |
JEKE OB, &S B E T, SR AR, (b)
Brair e 3 2 LUK A @ BER Oy 32, B RS &
R, S &5 R PR L B B T — A 5
WRRAE, 25 BRI S 32 2 LA ORI R K (U BE A
&, ARERARE, B 55 BRSO R
FE LUK A @HE Sy FAEAE R BT H @B
ERGEED, SR, (o) BRIV 32
JERUR @A GBERUh R RS AR, 5%
PEAR N o JHRR v SR M o 2 UK 11 €8, BROIR €5 1
e JRre H BE B 0 2 B S AR, S R
AR, R SR M 2 R DU H R PR
PROPER B A S R AR

FENSE LI i AR T B A
A > [A] &AL TR R R R TR D
Bl AR AR MR R AR A T AR,
sRFUZ RS RGN R R R AR
—ADMERRE AT A B B TR LR R
BRG, HA @ WREr, Zb & AR v A
2R 2 22 A 1 T SRR ) TR A
IR BE AR TR, B o A 0 SR A A Bl R AR
T AR AR T A O S G A S+ R R
SLIRH P +RE R T SR+ R R 3
DA, IWHETE B 2R Lo o0 Aok B, B e 5 (C4
HY) 55 FREF S (C3 W) AH H, B fIRIE I ik
CO M G AL | 5 G & BUR A =
RCRRAEREAT [RR XK 4 VAR O M COo, R FHACE
BIE Tre REH 5 (C3 M9 B Ba 17 (C4 1) [
TEECEN S (C3 Y ) A A B, ARk iz X
TR RRER T ), C3 A% Bl T ELAT A B A
() C4 R T B S Wang 25040 IA i 3 2 45 5h1
C3 5 C4 AHY 53 A () 2R, B 9 7= C4 48
VI SE 4 I o 0, 2o MR 280 HL A A 1 T U fig
R F ML & 35 1 ) J L 2 B8 20l i i £ 1 3¢

http ; //www.ecologica.cn



5554 JAE = 34 %

JZARGY A ZMBAK T IEH R A TR A R R ES s HAb Y A CBERE 150 ) | JF i g it
AR R THRER T A, BA AR A GEKRE IR IRR AN T A0,
T, E KI5 80% , X B AT AR AR E R AL

e 3
LR =g B B
TR

6.

&
3o
54
52
30
s
46
44
42
40
38
30
34
32
30
28
26
24
22
20
I8
l6
14
12
10

BRI BT B A
IR

BRI BT A

B2 EEIEPLESE 2ENEAENEELZE
Fig.2 Counter map of soil total carbon, total nitrogen and alkali hydrolyzable nitrogen under succession degradation
BT Bl NS AR DUR SE S ST IR A% ik A R A SR R SR O AR o LA vh 1 HOE 2
R R B A, RIS EOR R AR S R e NI Bk R IR A A ) s
RO IR AL 2, BRI P A Y N A ARBFEAE SRR Rk A R A B R

http ; //www.ecologica.cn



19 1] eV

S5« RS TR A TR L R P OB SRR R 25 ) S R Bl A

5555

PR A A > R A I > T I (P<0.05) , X
—ER A U ek E SR E 3 M EREZ
() 719 ik 2 AH OGO 2R OR FEAT i BE (P<0.001) (&1 3) , &
B 5 A Ak S R A A A5 R R ) Y i R
BEAY R T7% ,37% ,42% , Tian %381 HhE 2473 4H
- Henx EOTEBARIAT AT, R R I SRR 4
WA 2 R OCR & 2 A R W E A (R =
0.82,P<0.001) " M\ 4 HE4 Tk | 4= &R A 1Y
AR S R BOANAL S e E B ATKE , 10 emx 10 cm f3
JRUBE b AR ke T o 4 3 A i | 4 0B it SR 1
25 [a) S JEPE ELA BE S S — S0t BB SR S A
P27 B i e 2 T AT OB A R, B R R
ANFREE  [R) s 38 Rz it R b 3 b 3k R 1 R 2 P

R o Ak A 2% 1] S o 1 3R 3 Sy T8 3 > 1
> R IR ), A R AR B R i 39 > TR i A0 > 3
e eI el S B D R v B0 > R i ) > R
W, XA R, 2 ORI 2k B P R IR AL B B
IR TR P X ol 4 5 ) ) 8 3k 3 ol A ) o R
AR S X, ANAS R ISR AR O 7, et 19 A S 2
DEPETOR R A RAE RS 3SR I BEBR A 7 A2
HEEZET ARB M BT IVE R, T2k
INEZSRGE AEve P RELE 1 | LR s B 50 o
A P B AR PR A0 A AT 75 IR 1] AR R AN S 22 Y
FF RS S B A AR B EEOR IR, TR
75 (8] FII (] _E A5 2 A L JC Y, il BREBR 91 A
e HEAE AN TR BRI T A, DA TTAE 18— 7o 3 26 )

30

40 60 70

log() log(C)/(g/kg)

600 r

y=23.2493x + 35.241
R?=036 P<0.001

500

400

300 |

200

log (A5 log (AN)/(mg/kg)

100 |

0

6 -
y=0.0517x +0.223
R*=0.76 P <0.001
5
&
z
> 3
2
B
g 2
1
O 1 1
0 10 20
600
y=67.73x+11.69
R2=0.55 P<0.001 0o
500 - o
B
&
2 400 +
Z
<
= 300 |
2
b
% 200 +
on
2
100
0 1 J
0 1 2 3 4 5 6

log (%) log(N)/(g/kg)

3

20 30 40 50
log(H%) log (C)/(g/ke)

0 10

EEIREPLESKR SANEREZBNEEXR
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