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Seasonal Characteristics of Soil Respiration and Affecting Factors Under Typical

Vegetations in the Water-Wind Erosion Crisscross Region of the Loess Plateau

XIE Hui-hui' FAN Jun'? QI Li-bin®® HAO Ming-de'’

(1. College of Resources and Environment Northwest A & F University Yangling 712100 China; 2. State Key Laboratory of Soil
Erosion and Dry Land Farming on the Loess Plateau Institute of Soil and Water Conservation Chinese Academy of Sciences and the
Ministry of Water Resources Yangling 712100 China; 3. Sanmenxia Polytechnic Sanmenxia Henan 472000 China)

Abstract: By the soil respiration system the characteristics of soil respiration were investigated to explore the correlations between soil
respiration and soil temperature soil water and soil nutrient under different land use patterns in the water-wind erosion crisscross region
of the Loess Plateau. The results indicated that the seasonal changing characteristics of soil respiration were distinguished significantly
among different vegetations and soil water content and temperature were the main influencing factors. Soil respiration seasonal
changing ranges such as bare land crop land Medicago sativa land Caragana korshinskii land abandoned wild grass land Stipa
bungeana land wild grass land degraded Medicago sativa land sloping Medicago sativa land sloping abandoned wild grass land
sloping crop land and terraced crop land were 0.32-0.82 0.412.83 0.742.81 0.763.07 0.672.79 0.512.12 0.562.05
0.594.66 0.422.09 0.314.86 0.324.93 and 0.413. 17 pmole(m’+s) ~'. Comparing seasonal changing magnitudes of soil
respiration crop land was the biggest (167% 203% ) abandoned wild grass land (117% 454%) Caragana korshinskii land
(134% ) Stipa bungeana land (129% ) Medicago sativa land (119% 420% ) and bare land (94% ) followed crop land. The
smallest was degraded Medicago sativa land (92% ). Bare land and degraded Medicago sativa land had small seasonal variation during
the study period. Monthly average values of soil carbon flux (soil respiration) of Medicago sativa land and Caragana korshinskii land
were maximal but the maximum values under crop land were observed in July and August. Besides Q,, of crop land was also maximal
which reached 1. 86. There were significant correlations between soil respiration and soil organic matter and available K. Moreover soil
respiration was affected by soil organic matter and total nitrogen in July and August when the water and heat condition were plentiful
but soil ammonium nitrogen had negative impact on soil respiration in the seasons when water and heat were not optimal.

Key words: soil respiration; soil carbon balance; soil nutrients; annual variation; water-wind erosion crisscross region; land use

pattern
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CO, 68 Pgea (Medicago sativa) (Stipa bungeana)
3
CO, (Panicum miliaseum) « ( Setaria italica) -
10% C (Glycine max) - (Solanum tuberosum))
e (Salix
co, psammophila’) ( Artemisia ordosica ) -
(Caragana korshinskit) "
°. 1.2
N N N ( ). . .
' ( )
’ 1.
1
o Table 1 ~ Site conditions of the selected land use patterns
/a /m 1C°)
1 4 1224 0 —
2 20 1224 0 —
3 4 1224 0 —
N 4 4 1224 0 —
5 4 1224 0 —
6 50 1219 0 —
7 15 1223 0 —
8 20 1215 7 NE36°
9 7 1183 14 NW36°
1 10 7 1183 14 NW72°
11 20 1183 14 NW72°
1.1 12 20 1183 0 —
( 110°21" ~ 110°23’ 38°46' ~ 38°51"). ;
1094 ~1274 m N
. 90 cm;
8.4°C 45 c¢m ;
-9.7C (1 ) 23.7C (7T ); 15 c¢m ;
38.9C -28.1C 67C 100 cm ;
13.8C =10C 3232C .1 ~5 20 a
169 d 2836 h .9 ~11
5922 MJem " 437 mm 6~ 20 a
9 70% . . 0~10 em

N N N N N 2.
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2 0 ~10 cm 0~6 cm a-b.c
Table 2 Soil physic and chemical properties at 040 c¢m
of different land use patterns
Q]O
Igrem ™ 1% 1% CN 1% B
1. 47 0. 467 0.031 8.87 0. 042 R. =a - eln Q ) = C]Ob (2)
1.39 0.558 0.038 8.54 0. 045 b : :
1. 30 0. 686 0.041 9.82 0. 043 a~
1.38 0.649  0.037  10.04  0.044 EXCEL 2003
.20 0.613  0.038  9.47  0.043 SPSS11.0
1.54 0. 406 0. 029 8.07 0. 037
1.51 0.501 0. 027 10. 74 0. 024
1.52 0.578 0. 036 9.22 0. 052 2
1. 40 0.613 0.033 10. 69 0. 057
1.38 0.618 0. 034 10. 52 0. 059 2.1
1.31 0.595 0. 035 9.79 0.061 ’
1.41 0. 898 0. 046 11.28 0. 068
425 mm.
1.3 5 em
CO, . 0~6
CI301PS Co, ( CID ) cm
« .
1d 2.2
( 1.2) 8
24 h ( 2) Sem 7
8 8 (
1) 8
1d
co, o \ \ .
0s  Co, . \ . \ \
CO, 180 s .
3~5 ‘. 2009 4 0.32 ~0.82. 0.41 ~2.83. 0.74 ~ 2.81.
2009 11 0.76 ~3.07. 0.67 ~2.79. 0.51 ~2.12, 0.56 ~
4~6d 09:00 ~11:00 2.05.0.59 ~1.66.,0.42 ~2.09. 0.31 ~1.86. 0.32
~1.93 0.41~3.17 pgmol'(mz's)_l
12 (
1.4 ) (167% ~203%)
(117% ~ 154%) (134%) .
(HHS509R) 5cm 10 em (129%) - (119% ~120%) « (94%)
: Hydra Probe II (SDIH2/ (92%).
RS485) 0 ~6cm ( 3) co,
1.5 > > >
> > > > >
13 14 .
- > > >
R, =a-e" W (@) (p <
R, t Scm /4 0.05)
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Fig. 1  Precipitation air temperature soil temperature at the depth of 5 ¢cm and soil water content of 06 ¢m during the study period

« 3 4.5.6 Q.
(p < Qo 10°C
0.05).

8 0.82 Q. (2) b
pmols (m’*s) ™ 3.17 . Q. 1.3 ~
p,mol'(mz's) - 8 5.6

3
QIO
9.10
.11 Co, 0.76 (
pmol* (m’*s) ™ 0.32 pmols(m’+s) ~'. 4)
( ¢ 3

N ) (R 0.471~0.729 p<0.001) Q,

QIO
QIO
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Fig.2 Seasonal dynamic changes of soil respiration rate under different land use patterns
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3 D /umol* (m?*s) =
Table 3 Seasonal variance of soil respiration rate under different land use patterns /pmol* (m?*+s) ~!
4 5 6 7 8 9 10 11
0.44 0.56 0.77 0. 69 0.82 0.36 0.37 0.32 0.54
Ce BCe ABf ABg Ad Cf Ce Ce h
0.57 1.28 1.38 1.38 2.83 1.02 0. 54 0. 41 1.24
Dde Ced Ced Bbede Aab Cede Dde Dde cde
1.10 2.09 2.18 2.31 2.81 1. 66 1.04 0.74 1.74
CDb Ba Ba Bab Aab Che CDab Dabe a
1. 00 1.55 1.93 2.21 3.07 2.03 1.20 0.76 1.72
Eb Ch Bab Babc Aa BCa Da DEa a
0.97 1.42 1.63 1.93 2.79 1.81 0.96 0.67 1.52
Dbe Che BCbhe Bbcede Aab BCh Dbe Dab abc
0. 80 1.14 1.43 1.67 2.12 1. 65 0. 67 0.51 1.25
Dbed Cd BCed Bedef Abc BCb Ded Dd def
0.83 1.05 1.63 2.05 1.98 1.37 0.70 0.56 1.27
DEbed CDhd Bbe Abed ABc Cbed DEcd Ecd cde
0.88 1.17 1.47 1.45 1. 66 1.34 0.75 0.59 1. 16
CDEb BCDd ABed Aef ABc Ched Ded Dbed efg
1.07 1.97 1.79 2.09 1.90 1.32 0. 61 0.42 1. 40
BCa Aa ABb Abed ABc Ched Ded Dde ab
0. 64 1.11 1.28 1.62 1.86 0.73 0.48 0.33 1. 00
Chede Bd Bde Adef Ac Ce De De fg
0. 60 1.13 0.98 1.37 1.93 0.94 0.45 0.32 0.97
DEde BCd CDef Bf Ac CDde Ee Ee g
0.50 1.11 1.05 2.62 3.17 1.38 0.63 0.41 1.36
BCecde BCd BCef Aa Aa Bb BCed Cde bed
1)
(p <0.05)
4
¢, "
Table 4  Relationship between soil respiration rate and temperature as 18
well as Q,, values under different land use patterns
R? Q1o
Rg = 0.197¢" % 0.623°° 1.48
Rg = 0.220¢" %% 0.590 * * 1.86
Rs = 0.470¢" 7" 0.713** 1. 60
Rg = 0.559¢" % 0.532"" 1.46 o
Ry = 0.447¢" % 0.576 " " 1.48 A
Rg = 0.385¢" " 0.578 " * 1.49
Ry = 0.442¢%%" 0.611"" 1.49
Rg = 0.456¢ ™ 0.591* " 1.52 20
Rg = 0.317e 0% 0.729* * 1.62
Ry = 0.248¢" 0.583" " 1.51 2
Rg = 0.221¢> % 0.656" 1.54
Ry = 0.253¢" %% 0.471"" 1.55
1) n=37 % % p <0.001

13 22 23

2.4 40% ~
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Fig.3 Relationship between soil respiration rate and air temperature under typical land use patterns
83% ( 5) b
(Rs) @® (Q19)
Table 5 Relation model of soil respiration with soil
temperature and moisture
a b c R?
0.2311 0.044 9 0.0720 0.5414"" 14
0.239 1 0. 060 9 0.3017 0.3991°" .
0.4029 0.054 7 0.2635 0.6845"" ’
0.2729 0. 048 2 0.4494 0.8273" "
0.216 1 0.0515 0.4387 0.7541""
0.2058 0.058 5 0.3380 0.8022""
0.3142 0.058 4 0.2527 0.7054" " 2.5
0.4178 0.0470 0.1717 0.7300" "
0.3387 0.0529 0.22238 0.6843""
0.1053 0.067 6 0.4049 0.7599" "
24
0.1143 0.062 6 0.3654 0.6152" " N '
0.0295 0.0705 0.9810  0.6654** CO,
25 26
o,
( 27

5)
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Maestre ~ ° K a~9 )
N
¢ 0).
7 8
2
6 N
Table 6  Correlation analysis between soil respiration and soil properties at the study site
C/N NH,” N NO; N
4 -0.156 0. 008 -0.023 0.114 -0.286 -0.566 0.657" -0.849" " -0.314 -0.003
5 -0.430 0.336 0.339 0.236 0.075 -0.209 0.635" -0.584" 0. 165 0.139
6 -0.125 0. 095 0.091 0.134 -0.355 -0.538 0.495 -0.788" " -0.273 -0. 106
7 -0.143 0.675" 0. 545 0. 555 0. 104 0.187 0.229 -0.205 0. 161 -0.363
8 -0.413 0. 627" 0.694"  0.231 0.113 0.292 -0.053 -0.109 0. 008 -0.238
9 -0.143 0.234 0.252 0. 081 -0.244 -0.199 0.224 -0.558 -0.404 -0.337
10 -0.250 0.258 0.314 0. 087 -0.297 -0.310 0.246 -0.650" -0.455 -0.111
11 -0.112 0. 105 0.196 -0.035 -0.460 -0.434 0. 190 -0.658" -0.510 -0.154
-0.272 0.358" 0.300 0.315 -0.001 -0.145 0.453" " -0.306 0.011 -0.128
1) = = p<0.01 * p <0.05
FACE experiments J . Global Change Biology 2004 10:1027-
3 1042.
(1) 2 M .
2007.1920.
8 3 Raich ] W Schlesinger W H. The global carbon dioxide flux in
Scm 7 8 soil respiration and its relationship to vegetation and climate J .
8 Tell Us 1992 44B:81-99.
4 Raich ] W Tufekciogul A. Vegetation and soil respiration:
correlations and controls ] . Biogeochemistry 2000 48:71-90.
5  Dave R Kellman L Beltrami H. Are soil respiration processes
(2) geographically invarian? R . Canadian Geophysical Union
Meeting 2002. 18-21.
6
(p <0.05) I
2008 28(12):19.
7 Dilustro J J Collins B Duncan L et al. Moisture and soil
texture effects on soil CO, efflux components in southeastern
(3) mixed pine forests J . Forest Ecology and Management 2005
K 204:8595.
8 Oomes M J M Kuikman P ] Jacobs F H H. Nitrogen availability
and uptake by grassland in mesocosms at two water levels and two
water qualities J . Plant and Soil 1997 192(2) :249-259.
9 Gallardo A Schlesinger W H. Carbon and nitrogen of soil
microbial biomass in desert ecosystems J . Biogeochemistry
1992 18:147.
1 John S K Paul ] H Emily B et al. A multiyear synthesis of soil 10

J . 2007 27(6):2279-
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