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Abstract: Grazing exclusion is an important method for rehabilitating degraded ecosystems in grassland-dominated parts of
the semiarid region. However, how ecosystem processes respond to this rehabilitation has not been assessed well. For
understanding how the carbon and nitrogen cycling in degraded grasslands responds to such grazing exclusions, it is
essential to study the distribution and mineralization of soil organic carbon and nitrogen. Field measurements and laboratory
incubations of soil (at 0—80 cm depth) from the Loess Plateau’s semiarid region were combined to analyze the soil organic
carbon and nitrogen distribution and mineralization after various years of grazing exclusion. Samples were collected from
grasslands where grazing was excluded for 17, 22, and 27 years, respectively. As a control, additional soil samples were

collected from continuously grazed grasslands that neighbored the grazing exclusion ones. Organic carbon and nitrogen
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contents, as well as organic carbon and nitrogen mineralization rates, were measured. The effects of grazing exclusion on the
distribution of organic carbon and nitrogen mainly occurred in the top 0—40 c¢m of the soil. Grazing exclusion significantly
increased soil organic carbon and nitrogen content, with the largest increases being observed after 17 years of exclusion.
However, beyond 17 years, the effects on organic carbon and nitrogen distribution became weaker with time. Furthermore ,
although for all treatments organic carbon mineralization rates decreased with soil depth, for grazing excluded grasslands the
organic carbon mineralization ratio (C,, /C,) increased more with soil depth. The grazing exclusion effects on mineralization
rate were independent of exclusion years or soil layers, in contrast to the effects on C ;, /C, which did correlate with both
these factors. In addition, nitrification and mineralization rates of nitrogen decreased with 5011 depth, whereas in contrast,
the ammonification rate increased. At 0—40 cm soil depth, nitrification rates ranged between 1.5 and 2.5pg ¢”' d™', and
ammonification rates between —1.6 and 0.1 wg ¢”' d”'. This indicates a nitrification dominated nitrogen mineralization in this
soil layer. At 40—80 cm depth, nitrification and ammonification rates ranged between 1.3 and 1.8pg g™ d”™', and between
0.7 and 0.8pg g™' d', respectively, suggesting that nitrification and ammonification contributed similarly to nitrogen
mineralization in deeper soils. Furthermore, grazing exclusion significantly increased the mineralization rate of nitrogen in
the 0—40 cm layer, while it decreased this in the 40—80 cm layer. The overall nitrogen mineralization ratio (N, /N;)
also decreased when grazing was excluded. Finally, the mineralization of organic carbon and nitrogen were significantly
correlated with the soil organic carbon and nitrogen content, but less so with the soil carbon to nitrogen ratio ( C/N).

Overall, the results of this study indicate that the turnover of organic carbon and nitrogen in grazing excluded grassland was

determined mainly by soil layer, grazing exclusion duration, and soil organic carbon and nitrogen content.
Key Words: grazing management; soil organic carbon; nitrogen; soil profiles; carbon mineralization; soil properties
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HBA ( Thymus mongolicus ) . Ek ¥ 5 (Artemisia sacrorum ) | 5 & 25 & 2% ( Potentilla acaulia ) ., K%t 5 ( Stipa
grandis) % , o N RASBH P AR [T A0 X A s Fil i
1.2 RS R 5 E
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PR AR CQH 28 RBRAT 5 o AT 9% T 328 A4 TS0 AP e 1 2 7 o R AEAR AN R A T 22 5, (E 90 ) o 5 3R TR 408 2 82
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Hiy A= SR LR T 53 S A AR, T EL T B 119 -5 0 7 5 b A 408 1) 2 52 AR b P AR S e B AR R 20 BT AN [ 5 7 4
B Rt 3R R B A AR R AR I AR A

F 2009 47 8 H 7T BE U B R HURE RN SERUBORE M A A 5 A SRAE/D X (30 mx30 m) |, SRAE/NX
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Fig.1 Distributions of soil OC, N concentration and C/N in soil profile
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Table 1 ANOVA results of grazing exclusion on the concentrations of OC and N and mineralization of OC and N
Wi H #E Grazing exclusion +J2 Soil depth ZHAEF Interaction
Item F P F P F P
SOC 81.3 <0.001 23.2 <0.001 2.9 0.002
TN 102.1 <0.001 26.1 <0.001 4.8 <0.001
C/N 3.0 0.020 3.2 0.030 1.2 0.320
Coin 83.9 <0.001 48.0 <0.001 2.1 0.030
Chin/Co 1.0 0.430 5.2 0.003 1.5 0.160
Noin 104.7 0.003 5.3 <0.001 2.3 0.020
N 353.5 <0.001 5.2 0.003 1.6 0.130
N 228.3 <0.001 11.8 <0.001 2.6 0.007
Noin”No 30.3 <0.001 22.5 <0.001 1.3 0.270

SOC: +HEA PR Soil organic carbon; TN 2 A Total nitrogen; C/N: A Carbon-nitrogen ratio; C
: AW LR Nitrogen mineralization rate; N, fiffbi#*% Soil nitrification rate; N

rate; N

min

5 4L # # Carbon mineralization

min *

EALTHE R Soil ammonification rate.

amm *

2.2 HHEAHLERD LR
TIEA LA M A BE T 2 IR EE S B R (& 2) | A A B AF-H4{E M 69.8 pg g7 d7'(0—5 em) P
53] 36.8 g g™ d7'(60—80 em) ; (HAHLERS btk 5 A HLAK & & B LB (C,,,/ Co ) BE L JZ TR B9 22 Al )
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Fig.2 The effect of grazing exclusion on soil OC mineralization rate and ratios
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Fig.3 The effect of grazing exclusion on soil N mineralization
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PEIEFRAR LG, NP1 (38 B2 B 3 5 /KR B o Sl E AR 3t 13 B A BRI, DA 7 R i A e i AR o
X I T Ao B A AR ARSI ST AN TR Ak B - A ML R 25 i S LA T 22 R AR ) AR AL
Fill AR (P 1 181 2) i HL = B 38 IE AR G (3R 2) s AR BRI AL R AR RO LR G L&
S B AL S A SR o AR AR (18] 1, B 3)  0F B R RS i il B IEASG (3R 2) , RIS
DX i R SR P R B B v A MR R S R R (HUR S A R I A BRI A S
AR TR OC 33 AT BB A MLBA™ A R mh A 0 R R 9 0 e 265 S B0 ) D B2 094 T 51| - ) e 2 R [
AKX,

R2 ITETBREATVAERSLEANBRNSEANEXRY

Table 2 Correlation coefficients between mineralization rate of OC or N and concentrations of soil OC or N

i H Ttem A ML SOC 2% TN C/N
Conin 0.845 (P<0.001) 0.861( P<0.001) 0.237 (P<0.001)
Noi 0.761 (P<0.001) 0.816 (P<0.001) 0.116 (P>0.05)

C i/ CoBRAE A2 A LR b AT A0 A9 5 23 o b 38 5 BILAR A LU (51, LR iy, Ay HLAR B 5 T
AR R ARHE AT T 45 R, B BB AR R A E A, 3 bl Ak (0 7 LA LL 191320 s, ORGP 728 7 e
A%, W RWIEF G L3O A MUK 2N TR IR, X5 Wang 577 UBFST 45— 8, HE Hih
TN,/ NG FARTRE T M, R E TR RO R R BRE , AR5 ik, (HEh T LA
R HAH AN TCHLAG A REPAE D A YA, A DTS B 75 N, /N, BB nT RER U] R R
ARAERFEAL, ORI X R A SN ECR AN, B T e 0t T AR ALY R AL R R A 1
T R - ETCHL R AR T A A e i R LA ILR B SR 31 - e b | 3 2837 U9 i 21 4
P R HLA R AL BN, T S b N /N BRI

4 it

(1) @ FUBL R B T )5 0—40 em )= H A WU 225 2 B R 2080 b B F 17a Jr i
Z R B R AR A LR A R R R TE 0—40 em 12 EHF 17a J5 , B HFERAZ
(2) T HEAHLERE g AR Bl 2 TR B # A, 1B,/ Co B LR TR IR L S 5 e s 2 A
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BERIN T R A MR LA C L/ C, , BB A LR T 3 0 5 i 5 5 B AR RN 2 R BE TGS i X
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