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Soil basal respiration response to grass vegetation restoration and its’
affecting factors in the Loess Hilly-Gully Region
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(1. College of Resources and Environmental Science, Northwest A & F University, Yangling 712100, China;
2. Institute of Soil and Water Conservation, Chinese Academy of Sciences, Ministry of Water Resources and
Northwest A & F University, Yangling 712100, China)

Abstract  Soil respiration response to different stages of vegetation restoration was determined via closed system measurements of
carbon dioxide and selected factors affecting the correctitude and sensitivity of soil respiration. Eight different soil samples under
different vegetation restoration stages were separately collected at 0~20 cm and 20~40 cm soil depth in spring and summer and both
fresh and air-dried samples analyzed. The results show that the period of vegetation restoration significantly influences soil basal
respiration (SBR), which logarithmically increases with vegetation recovery time. Measurements of equivalent daily respiration
(EDR) and cumulative respiration (CR) show that respirations in 73- and 78-year recovery sites are highest, while those in farmland
and 3-year recovery sites are lowest. SBR is distinctly different for the spring and summer samples. SBR of spring samples better
reflect soil basal microbial activity. Air-dried soils can be used for measuring SBR after pre-incubation, more stably reflecting differ-
ence among soils. 1 or 3-day EDR mean data can better reflect soil quality. CR more directly and clearly reflects microbial activities
of different soil types than EDR. There is a positive correlation between SBR and soil organic carbon and nitrogen content.
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Tab. 1

The geographical and vegetation information of sampling sites

Recovery time (a)

Dominant species

Accompanying species Elevation (m)  Slope gradient (°)

78

73

58

23

CK

Stipa grandis P. Smirn.

Stipa bungana Trin. Ledeb

Artemisia sacrorum

S. bungana

Thymus mongolicus Ronn.

S. bungana

T. mongolicus
S. Bungana

Leymus secalinus (Georgi) Tzvel.

T. mongolicus

Artemisia scoparia Waldst. et Kit.

Potentilla bifurca L.

Maize

Artemisia frigida Willd. 2020 12

Potentilla acaulis L.

Medicago ruthenica (Linn.) Trautv

Potentilla angustiloba Yu et Li
Artemisia sacrorum Ledeb. 2 040 15

Thymus mongolicus Ronn.

Leymus secalinus (Georgi) Tzvel.

P. bifurca
Heteropappus altaicus (Willd.)
Novopokr.
T. mongolicus

2040 10

Stipa gradiss 2 040 10
A. sacrorum
P. bifurca

Carex rigescens (Franch.) V. Krecz 1940 11

Medicago ruthenica (Linn.) Trautv

Astragalus scaberrimus Bunge
A. scoparia 1908 10

P. bifurca

H. altaicus 1 940 2

T. mongolicus

S. bungana.

1908 2
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Tab. 2 Characteristics of soil chemical properties in 0~20 cm and 20~40 cm layers

R“""(:’)y UM Soil Tayer (cm) Og(agni_ckcga,r};on Total N (g - kg™") ?nvlagil_azg P leetric conductivity (1)
78 0~20 24.74 2.51 167 7.71 145.6
20~40 20.71 2.26 125 7.90 122.1
73 0~20 30.05 2.31 141 7.57 152.9
20~40 21.94 1.96 117 7.58 155.0
58 0~20 22.73 2.47 167 8.00 124.0
20~40 19.82 2.20 142 8.07 118.0
23 0~20 26.73 2.02 174 7.81 160.5
20~40 22.96 1.92 130 7.80 159.4
15 0~20 13.80 1.27 91 7.99 139.9
20~40 6.70 0.61 32 8.14 117.5
9 0~20 15.40 1.39 53 7.88 125.8
20~40 8.23 0.74 43 8.02 117.9
3 0~20 5.11 0.41 24 7.98 122.7
20~40 441 0.42 50 8.03 102.4
CK 0~20 3.39 0.33 13 8.09 111.2
20~40 4.93 0.41 26 8.07 104.7
100 m , <<g”” , 0~20cm  20~40 cm
, 1 2
2 , 2 la ,
mm R 4 s s
1.3 1d
50g 500 mL R > ’
50%; 5 mL 0.1 mol - L' NaOH
, 1d, ,
25+1 24 h, NaOH 73 ; 78 S8,
100 mL , 1 mol - L™ BaCl, 2 mL (CK)
2,  0.05mol-L" Ib
, 20 mL ,
’ 3 s 0~20cm  20~40 cm
EXCEL2003 3 : 873
58 , 23 15 7 .3
2 FERE5HH (CK)
2.1
( 2a
d ; 0~20 cm
’ 20~40 cm 34
co, mg(CO,-C) - 100g™" -d™! mg(CO,- ’ v d ’ 7d
-1 -1 ) 1)
C)-kg'-d , 7 -
CO, Ld
» mg(CO,- C) -100 g mg(CO,-C) -kg™* ’3 ’ s 53 78
- ; 73 .3 (CK)
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IS 3% & Equivalent daily respiration (EDR) [mg(CO,-C)kg"-d™]

&1

Fig. 1

air-dried soil (B, D) 0~20 cm (A, B), 20~40 cm (C, D) deep sampled at spring at different vegetation recovery times
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Fig. 2 Changes of equivalent daily respiration (a) and cumulative respiration (b) during the incubation of fresh soil( A, C),
air-dried soil (B, D) 0~20 cm (A, B), 20~40 cm (C, D) deep sampled at summer at different vegetation recovery times

3d B9 7 gt 10 41
(2] 1d 3d 7d
0~20 cm 20~40
cm 1d 3d 7d , 0~20 cm
r 0.802 7** 0.686 6** 0.626 8**, 20~40
cm r 0.604 0* 0.463 9* 0.286 7
0~20 cm , r
0.866 0** (.752 6** (0.749 3**, 20~40 cm
1d 3d 7d , F
0.879 3** 0.920 0** 0.972 7**
3d ,0~20cm  20~40 cm

0.2683  0.529 6*

0~20 cm 1d 3d 7d R
0.3712 0.4554* 0.553 9%, 20~40 cm
, 0.794 1** (.757 8%**

0.684 4** , 24 h

2.4

, 0~20 cm 3d
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Fig. 3 Changes of equivalent respiration in fresh soil (A, C), air-dried soil (B, D) 0~20 cm, 20~40 cm
deep sampled at spring (A, B) , summer (C, D) with different vegetation recovery time
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Tab. 3 Correlations of the equivalent respirations between fresh and air-dried samples at different seasons

/ 1d 3d 74d
Sampling time/sample condition Soil depth (cm) Incubation for 1 day Incubation for 3 day Incubation for 7 day
0~20 0.804 3%* 0.886 7%* 0.806 8**
Fresh sample and Spring 20~40 0.607 5%* 0.3919 02235
air-dried sample
0~20 0.911 5% 0.947 4%* 0.754 9%*
Summer 20~40 0.568 6* 0.675 5%* 0.820 1%*
0~20 0.2742 0.476 4* 0.428 2
Samples in spring Fresh sample 20~40 -0.260 9 0.001 1 0.384 9
and summer
0~20 0.487 1% 0.461 6* 0.640 2%*
Air-dried sample 20~40 0.492 4* 0.601 1* 0.565 8*
, , 3 g
’ 9
[18]
> s
[19,20]
b b
bl
7d 3d
s
s > [21]
>
s
[15] 5
s s
[22]

[16,17]
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Tab. 4 Correlations between the soil basal respiration and soil chemical properties in fresh and air-dried samples in different seasons

Sampling
time

Soil depth

Sample condition (cm)

Organic carbon

Alkali- pH Electric conduc-

Total N

hydrolysis N tivity

0~20 0.850 3%*
Spring Fresh sample 20~40 0.173 9
0~20 0.834 6**
Air-dried sample 20~40 0.674 7**
0~20 0.637 3%*
Summer Fresh sample 20~40 0.715 5**
0~20 0.740 0**
Air-dried sample 20~40 0.992 2%*

0.730 8** 0.641 3** —0.820 6** 0.722 2%*
0.2358 0.076 5 0.021 5 0.119 6
0.732 2%* 0.603 6* —0.934 7** 0.702 9**
0.812 0** 0.715 1** -0.2852 0.156 8
0.647 1** 0.654 4** -0.299 4 0.602 7
0.749 6** 0.741 2%* —0.2415 0.3850
0.755 0** 0.786 2** —0.460 5 0.743 8**
0.946 7** 0.949 8** —0.709 1** 0.824 9**

14
Wang (4 s

; Salifou
[16]

; Teklay [

; Ludwig 14

; 3d

S% 30k
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