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Effects of fencing on soil respiration rates in the meadow steppes in the northern

slope of the Tianshan Mountains
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Abstract: Soil respiration is an important indicator in evaluating soil surface carbon dioxide ( CO,) flux, and carbon
cycling in grassland ecosystems is strongly affected by grassland management and implementation. Fencing and grazing are
two important grassland management tools in the meadow steppe of the Tianshan Mountains ; however, there is limited
knowledge of how fencing may influence soil respiration in the arid and semi-arid areas of meadow steppes. In our study, we
compared short-term (9-year fencing) fenced meadow steppes with grazed meadow steppes along the northern slopes of arid
and semi-arid areas of the Tianshan Mountains of China. We evaluated daily and seasonal soil respiration dynamics and the
correlation between soil respiration rate and environmental factors in both fenced and grazed meadow steppes using a Li-
8100 automated soil CO, flux system (LI-COR, Lincoln, Nebraska, USA). Significant variations of daily and seasonal soil
respiration rate were found as a one-peaked curve at the evaluated fenced and grazing meadow steppe in Tianshan
Mountains, and the single peak in the growing season was especially obvious. In June, daily soil respiration rates peaked at
17:00 h for both areas, but soil respiration rates were 33.1% higher in fenced (5.87 wmol/m’ s™') than grazed (4.41
pwmol/m’> s™') meadow steppes. In October, daily soil respiration rates were lowest at 08:00 h for both fenced (0.26 wmol

m~s™") and grazed (0.29 wmol m™>s™") meadow steppes. Annual CO, flux is highest in summer, and the contribution of
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CO, flux in June and July to the total annual CO,flux was highest during our sampling period. Furthermore, CO, flux was
37% higher at fenced than at grazing sites, suggesting that fencing had a more positive effect on CO, flux than grazing in
arid and semiarid areas of the meadow steppes. Our results are mainly due to the decrease in belowground biomass and root
secretion, which reduces root and microbe respiration. The dynamics of soil CO, flux were consistent with fluctuations in
average daily air and soil temperature, and contrasted with changes in average daily soil moisture content. Our correlation
analysis showed that surface soil (0—5 c¢m) and near surface air temperature are significantly correlated with soil
respiration( P<0.05) , but there was no significant correlation between soil respiration and soil moisture. Soil respiration and
soil temperature were more correlated at surface soil (0—>5 e¢m) than subsoil (> 5 ¢cm, measured using the angle stem earth
thermometer ) and this relationship was more significant in fenced than grazed sites. Our results indicate that surface soil
(0—5 cm) and near surface air temperature is the main factor influencing the dynamics of soil respiration rates in mountain
meadow steppes; and surface soil temperature is a better indicator of soil respiration than subsoil temperature in meadow

steppe areas.

Key Words: fencing; soil respiration; soil temperature; soil moisture content; meadow steppes; CO, flux;

grassland management
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Fig.1 Diurnal and seasonal dynamics of soil respiration rate at the fenced (a) and grazing plots (b)
F1 BEEMMTEFERERAHSHERES T
Table 1 Analysis of diurnal dynamics of the soil respiration rate inside and outside fencing
Hi FEH + HEITI 53 % Soil respiration rate/ ( wmol m ™2 s71)
Date Plots 2:00 5:00 8.00 11.00 14,00 17.00 2000 23.00
4-14 FIR A 1.33£0.09A 1.2+0.1A 1.12£0.1A 1.67+0.18a 1.81£0.12A 1.24+0.08A 1.331£0.21A 1.56+0.1A
Rl 4h 0.66+0.07B 0.55+0.07B 0.64+0.1B 1.09+0.06b 0.89+0.04B 0.68+0.04B 0.58+0.04B 0.91+0.07B
5-16 R 1.99+0.22a 1.54+0.09A 1.71£0.08a 1.81£0.05a 3.21£0.19a 3.51+0.25A 2.99+0.12A 2.04£0.1a
Rl 4h 1.28+0.12b 1.14£0.11B 1.31+0.14b 1.62+0.12a 2.46+0.24h 2.28+0.19B 1.81+0.22B 1.59+0.29a
6-22 FIRA 3.24+0.08A 2.86+0.1A 2.78+0.1A 4.08+0.18A 4.21+0.21a 5.87+0.23A 5.36+0.21A 3.71£0.12A
Rl 4h 2.12+0.17B 1.92+0.16B 2.14+0.18B 3.2+0.19B 3.96+0.28a 4.41+0.32B 3.29+0.27B 2.32+0.2B
7-14 FIRA 2.11£0.07A 2.11£0.12A 2.04£0.04A 4.16£0.16A 5.5+0.23A 3.74+0.25A 2.8+0.14A 2.2+0.07A
Rl 4h 1.33+0.16B 1.3£0.15B 1.44+0.16B 3.69+0.08B 4.28+0.17B 3.01+£0.2B 1.41+0.23B 1.39+0.19B
8-19 FRA 1.49+0.06A 1.2+0.06A 1.22+0.03A 1.67+0.06A 2.97+0.28A 3.42+0.16A 2.56+0.12A 1.75£0.19A
Rl 4h 0.75+0.06B 0.73+0.07B 0.78+0.06B 1.42+0.06B 2.03+0.09B 2.00+0.09B 1.3£0.1B 0.92+0.08B
9-24 FRA 0.65+0.04A 0.620.06a 0.62+0.02a 0.86+0.06A 1.35£0.16A 1.42+0.09a 0.9+0.25a 0.65+0.04A
Rl 4h 0.44£0.04B 0.52£0.07a 0.59+0.11a 0.61£0.14B 1.05+0.03B 1.13+0.04b 0.58+0.05b 0.47£0.03B
10-16 BRI 0.39+0.04a 0.43+0.03a 0.38+0.03a 0.4+0.05a 0.62+0.09a 0.67+0.04a 0.5+0.06a 0.26+0.09a
Rl 4h 0.29+0.03a 0.35+0.05a 0.3+0.05a 0.33+0.04a 0.95+0.04b 0.62+0.01a 0.35+0.05a 0.39+0.04a

KEFRRTE P<0.01 KF T B NGRERE P<0.05 KV T B3
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Fig.3 The daily average moisture content and daily average temperature in each month
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Fig.4 The correlations between soil respiration rate and soil moisture content at 10 cm
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Table 2 Correlation coefficients between soil respiration rate and temperature in different months

FEH H it SR Fiffk Soil temperature/C

Plots Date Air temperature/ C Sem 10cm 15cm 20cm 25cm
FEIA2 Py 4-14 0.447" 0.436*" 0.288 0.048 -0.025 -0.206
Inside the fence 5-16 0.799** 0.742** 0.452** 0.286 0.018 0.005
6-22 0.577" 0.829 " 0.616** 0.398 " 0.187 -0.027
7-14 0.516*" 0.788** 0.408 * 0.374 0.030 -0.337
8-19 0.858 0.878** 0.605** 0.512" 0.412" 0.295

9-24 0.829** 0.811** 0.552** 0.364 0.275 -0.556 "
10-16 0.461 " 0.489 " 0.049 -0.100 -0.122 -0.338
44 Mean 0.641 0.710 0.424 0.269 0.111 -0.166
A4 4-14 0.404 " 0.344* 0.143 0.075 -0.096 -0.219
Outside the fence 5-16 0.685** 0.525** 0.372" 0.109 0.048 -0.281
6-22 0.613 " 0.735** 0.594 " 0.260 0.195 0.094
7-14 0.595** 0.729** 0.315 0.234 -0.109 -0.011
8-19 0.907 ** 0.879** 0.569 ** 0.330 0.071 -0.057
9-24 0.835"* 0.792** 0.356 0.064 -0.063 -0.300
10-16 0.841"" 0.671** 0.253 -0.038 -0.107 -0.267
-3 Mean 0.697 0.668 0.372 0.148 -0.009 -0.149

W # % P<0.01, *= P<0.05
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