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Abstract

Aims Grazing intensity and grazing exclusion affect ecosystem carbon cycling by changing the plant community
and soil micro-environment in grassland ecosystems. The aims of this study were: 1) to determine the effects of
grazing intensity and grazing exclusion on litter decomposition in the temperate grasslands of Nei Mongol; 2) to
compare the difference between above-ground and below-ground litter decomposition; 3) to identify the effects of
precipitation on litter production and decomposition.

Methods We measured litter production, quality, decomposition rates and soil nutrient contents during the
growing season in 2011 and 2012 in four plots, i.e. light grazing, heavy grazing, light grazing exclusion and heavy
grazing exclusion. Quadrate surveys and litter bags were used to measure litter production and decomposition
rates. All data were analyzed with ANOVA and Pearson’s correlation procedures in SPSS.

Important findings Litter production and decomposition rates differed greatly among four plots. During the two
years of our study, above-ground litter production and decomposition in heavy-grazing plots were faster than
those in light-grazing plots. In the dry year, below-ground litter production and decomposition in light-grazing
plots were faster than those in heavy-grazing plots, which is opposite to the findings in the wet year. Short-term
grazing exclusion could promote litter production, and the exclusion of light-grazing could increase litter decom-
position and nutrient cycling. In contrast, heavy-grazing exclusion decreased litter decomposition. Thus, grazing
exclusion is beneficial to the restoration of the light-grazing grasslands, and more human management measures
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are needed during the restoration of heavy-grazing grasslands. Precipitation increased litter production and de-
composition, and below-ground litter was more vulnerable to the inter-annual change of precipitation than
above-ground litter. Compared to the light-grazing grasslands, heavy-grazing grasslands had higher sensitivity to
precipitation. The above-ground litter decomposition was strongly positively correlated with the litter N content
(R%=0.489, p < 0.01) and strongly negatively correlated with the soil total N content (R? = 0.450, p < 0.01), but it
was not significantly correlated with C:N and lignin:N. Below-ground litter decomposition was negatively corre-
lated with the litter C (R? = 0.263, p < 0.01), C:N (R? = 0.349, p < 0.01) and cellulose content (R* = 0.460, p <
0.01). Our results will provide a theoretical basis for ecosystem restoration and the research of carbon cycling.
Key words grazing intensity; grazing exclusion; precipitation; litter decomposition; litter production; litter quality
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Table 1 Basic information of the sampling plots (mean + SE, n = 5)
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FEHEEAE 2 Basic information of the sampling plots

1RO Light grazing plot

R Heavy grazing plot

SFYJwE Average height (cm)

SFYE B Average coverage (%)
h_bAE 5 Above-ground biomass (g-m™)
J4{F% Number of feces (No.-m™)

13.11+1.46° 19.85+1.13°

57.36 + 3.92° 65.29 * 2.55°

62.26 +0.89° 108.76 +5.51°
575.50 + 2.04° 1230.00 + 12.25*

ANFING T RERR AN F R b 2 [6] 22 5 3 % (p < 0.05),

Lowercase letters indicate significant difference between different plots at 0.05 levels.
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Table 2 The impact of sampling plots, year and their interactions on above-
ground litter production, quality, decomposition and soil total C and N

Y P Y x P
JATEP) =4 Litter production <0.01 <001 <0.01
VAT Sy fREZE Litter decomposition <001 <001 <0.01
JA¥PIC & & Litter C content <001 <001 002
FVEYINE & Litter N content 001 004 001
T A4 E 5 B Litter cellulose content  <0.01 <001 0.01
RIS & & Litter lignin content <001 002 003
JHYICN Litter C:N <0.01 <0.01 0.27
JATEP) AR 2N Litter lignin:N <0.01 <001 <0.01
- #%4>C Soil total C 001 <001 <0.01
+-44>N Soil total N <001 001 003

Y, F4r; P, B Y x P, SR FIREHBI A ELAR A
Y, year; P, plots; Y x P, interactions of Y and P.

3 OFEHL. R EAERN N R R S S iR
A

Table 3 The impact of sampling plots, year and their interactions on be-
low-ground litter production, quality and decomposition rates

Y P YxP
VAT 5 Litter production <001 <001 <0.01
VAVEP) 3y fRE R Litter decomposition <0.01 <001 <001
FVEYICE & Litter C content <001 <001 0.09
YN & Litter N content 007 <0.01 <0.01
VAR T4 % & & Litter cellulose content <001 <001 004
VAR 2 & & Litter lignin content 045 <0.01 <0.01
JH7EHICN Litter C:N <001 005 <001
JAVEPIAR T 2N Litter lignin:N 040 007 <001

Y, H4r; P, B Y x P, AR FIREHBI A ELAE A
Y, year; P, plots; Y x P, interactions of Y and P.

2.2 FEIMHGEE FE AR AR E

by b b R YA 4 R SR AR TE AR HURDAE 47 [R]
AR & ZE 5 (p < 0.01), HAFMAEE M S BAR
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IR T E TS (p < 0.05), % B85 H B ek 5 5%
FE i, PR T o R R 2 S, R U
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FEIRIEAE, R R TS IC S B NS
FEACNIY B E LT H AR (p < 0.05), &
TG B A e E VA IC E EAMCNE 5T
BIERAR(p < 0.05), U A BBl EHA b =85 Tl
MRttt FITEY BA SR ZEIN (p < 0.05). i
C:N (p < 0.05). Xfth FIEMMN S, T RHFERER
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B
2.3 TEIMHERE B IR D iR R
AN ERE H AT AR g3 1) b AT R B 754 00 fif ok o
Wz R RE, BRI 5028 AR th 5 3
R R(E < 0.01; %2, £3). £ T FEMEIH
A, b bR T 40 R R 2 B A R TR B
AR (p = 0.05), BB S B E >R (p <
0.01), S o> 5 B iU il (BE14A p < 0.01).
T 54 bR VR T 4 43 AR S R A R B OO b A v
B TRUPORE b B AR 4590 4 B R JUHORE b 3 A o R
B3 TR R (E14B; p < 0.01), HEEE S
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Bt K 8N, Hh N TS Rt B It <
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B RAET R RN E U BB R S T
L FBORE L (p < 0.05), {H7E 52 R U 6]
FETBUARORE M 2 T P88 TSSO B R JSUHORE b 2 TR A
VERGRTE S RN KT GO et e\
e T E LA (p < 0.05), (HAR UG 2 542
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Fig. 1 Above-ground (A) and below-ground (B) litter production in the four treatment plots in 2011 and 2012 (mean + SE). Capital
letters indicate significant difference in litter production between different plots in 2011 at 0.05 levels, and lowercase letters indicate
significant difference in litter production between different plots in 2012 at 0.05 levels. HG, heavy-grazing; HGE, heavy-grazing ex-
clusion; LG, light-grazing; LGE, light-grazing exclusion .
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Fig. 2 Above-ground litter C content (A), N content (B), C:N (C), cellulose content (D), lignin content (E) and lignin:N (F) in four
plots in 2011 and 2012 (mean * SE). Capital letters indicate significant difference in litter quality between different plots in 2011 at
0.05 levels, and lowercase letters indicate significant difference in litter quality between different plots in 2012 at 0.05 levels. HG,
heavy-grazing; HGE, heavy-grazing exclusion; LG, light-grazing; LGE, light-grazing exclusion.
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